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FOREWORD
The U.S. Navy Hindcast Spectral Ocean Wave

Model Climatic Atlas: Mediterranean Sea was
prepared for the Commander, Naval Oceanography
Command (CNOC) by the Officer in Charge, Naval
Oceanography Command Detachment, Asheville,
North Carolina. The work was performed in
Asheville at the National Oceanic and
Atmospheric Administration's (NOAA) National
Climatic Data Center (NCDC).

Special acknowledgement is given to the
followinq named meteorologists of NCDC'B
Global Climate Laboratory (GCL): Peter
M. Steurer for serving as project leader; Phala
Franks for performing the parameterization of
the data; and Thomas R. Karl who was
instrumental in completion of work on the
project. Specific acknowledgement is also made
to GCL's Ronald G. Baldwin, computer
programmer/analyst, for production of the
computer-generated graphic presentation, and
Michael G. Burgin and Scott J. Miller,
Meteorological Technicians, for their drafting
skills in preparation of this publication for
printing.
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BACKGROUND
In December 1974 the Fleet Numerical

Oceanography Center FIENUMOCEANCEN in
conjunction with the Naval Oceanographic Office
(NAVOCEANO) adopted the Spectral Ocean Wave
Model (SOWM) developed by Dr. Willard J. Pierson
and others to produce operational spectral wave
data for the Northern Hemisphere. The SOWM is a
computer-based procedure that produces a
directional variance spectrum at specified grid
points spaced at up to 180 nautical mile
intervals. This spectrum defines the sea
surface at each grid point through a
two-dimensional (diruction/frequency) matrix of
12 directions and 15 frequency bands. Further
information on the theoretical basis of the SOWM
is contained in Appendix A.

At the Seakeeping Workshop in July 1975,
the rationale and structure of a hindcast wind
and wave climatology were developed. It was
concluded at that time that the hindcast
climatology he intended to provide a statistical
basis for evaluating the effects of the
t!nvironment.

In order to summarize a set of spectra, it
is often useful to generalize the most
significant characteristics. The David Taylor
Naval Ship Research and Development Center
(DTNSRDC), with Operations Research, Inc. (ORI),
developed computer programs to derive a number
of numerical pardrleters from the spectral wave
data. The National Climatic Data Center (NCDC)
used many of the concepts from these programs
and others written by FLENUMOCEANCEN to devise a
p&ra..tLkwization routine which was used tor this

atlas.

mmm mmm mm mmmm•mm m m m[VII



OVERVIEW wave period is not necessarily equal to the wave
period associated with the higher of the two

P~AA TERS~ waves, the sea or the swell as summarized in the1. R AM ETER past U. S. Navv climatologies (U. S. Navy,

This atlas contains climatological 1974)•

summaries for seven parameters. Four of these
parameters have already been summarized in other The directionality is a measure of the

climatic atlases (U. S. Navy, 1074 and 1997). These uniformity of the direction of movement of th-

include wind speed and direction, significant waves. It the waves are all moving in a uniforo

wave height (hereafter referred to as the wave direction then the directionality is equal t,,

height), and wave direction, i.e., the direction one. When there is no preferred direction oi

from which the highest waves are moving wave movement (a completely confused sea staL,)

(herearter referred to as primary wave the directionality takes on the value of ; .

direction). The other three parameters Obviously, ship response and maneuverability can

contained in the wave climate summaries for this be affected by the directional spread of th

at las are : wave :;lope parameter, modal wave wave energy.

period, and directionality of the waves
hi(reatter referred to as the directionality). II. DATA

These three parameters have not appeared in
prtvious U. S. Navy climatological atlases, Data in this atlas are derived using windc
because they cannot be directly derived from and waves from the period January 1973
visual observations. However, they can be very December 1982, i.e., 10 years. Computer
important operating considerations. Appendix B processing difficulties during the generation of
provides a complete description of all seven the SOWM hindcast data caused the number of
parameters. A brief description of the wave hindcasts to vary among grid points. As a
sI)p., paramoter, modal wave period, and result, approximately 10% of all the data were
directionality foll ows. lost during the 20-year hindcast period, 1973-

1982 (Steurer, 1988).
The wave slope ot a regular wave is defined

as the ratio of wave height to wave length. it
is not normally reported, but it can be obtained ISOPLETH ANALYSES
tror the output of the SOWM or from the
I requencv. spectrum ot a wave record. Ship
rolling and hence stability is affected by the Isopleth analyses were completed for
wave slopes of the higher waves encountered, various thresholds for the percent frequency of
The wave slope parameter is directly related to wind speed, wave height, and the wave slope
the wave slope. Therefore, the higher the wave parameter. These analyses were based on nearly
slope parameter, the higher the wave slope. 220 grid points, 63 of which are also used in
Table B3 in Appendix B relates the wave slope tabular presentations. All points are depicted

parameter to values of the wave slope at a fixed on the Mediterranean Sea map (Fig. 1). The 63
point. Steep waves are usually associated with grid points also used in tabular summaries are
wave slope parameters of 0.10 or more, while listed in Table 1.
values of less than 0.()5 are usually associated
with more moderate conditions.

The Mediterranean Sea contains many areas

The modal wave period is defined in terms of shallow water (< 100 fathoms) due to the

of the frequency spectrum. It is the period large number of peninsulas and island groups.

associated with the maximum wave energy in the Since SOWM is a general purpose deep-water

wave spectrum. Modal wave periods associated model, care should be taken ..hen interpreting

with wave lengths about 0.75 and 1.25 ship the analyses for shallow-water applications.

lengths (depending on ship course and speed) can The gray line in Figure 1 is in fact the 100

cause resonance pitching and heaving. The modal fathom isobath.

vi



sari ly equal to the wave Unlike previous SOWM atlases (U.S. Navy,
he higher of the two 1983 and 1985), isopleth analyses are shown in

ell as summarized in the areas of less than 100 fathoms. This was done

toiogiee (U. S. Navy, in order to provide more continuous analyses

which would be less confusing to the user.
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Table I
Grid Points Included In Tabular Summaries

1 006 43.9N 08.9E 33 233 36.6N 26.9E

2 019 43.3N 15.3E 34 235 36.4N 28.5E

3 022 42.3N 04.5E 35 239 35.9N 31.8E

4 024 42.5N 06.3E 36 247 35.6N 02.2W

5 036 41.6N 03.7E 37 259 36.5N 193E

6 041 41.9N 08.1E 38 263 36.3N 22.6E

7 042 42.ON 09.9E 39 265 36.2N 24.3E

8 055 41.1N 05.5E 40 267 36.ON 25.9E

9 069 40.1N 01.2E 41 273 35.3N 30.8E

10 072 40.3N 03.8E 42 277 34.7N 34.8E

11 080 40.7N 11.7E 43 282 36.ON 13.5E

12 084 40.6N 18.8E 44 286 35.9N 16.8E

13 087 40.1N 24.9E 45 295 35.2N 26.6E

14 091 39.5N 02.2E 46 297 35.ON 28.3E

15 094 39.8N 05.7E 47 316 35.2N 19.2E
16 096 39.8N 07.4E 48 318 35.1 N 20.8E

17 129 39.3N 15.2E 49 322 34.8N 24.1E

18 130 39.3N 17.8E 50 330 34.ON 30.5E

19 139 38.ON 00.7E 51 334 33.5N 33.6E

20 143 38.3N 04.1E 52 358 33.7N 28.OE

21 147 38.5N 07.5E 53 362 33.3N 31.1E
22 149 38.6N 09.2E 54 370 34.ON 12.7E

23 151 38.6N 10.9E 55 374 34.ON 15.9E

24 153 38.7N 12.6E 56 382 33.6N 22.3E

25 159 38.6N 18.6E 57 406 33.2N 18.3E

26 163 38.1N 254E 58 408 33.1N 19.9E

27 172 374N 01.7E 59 416 32.6N 26.2E

28 199 36.ON 35.2E 60 420 32.2N 29.3E

29 201 36.ON 04.0W 61 424 31.7N 32.4E

30 205 36.5N 00.7W 62 428 32.6N 15.9E
31 213 37.1N 05.9E 63 452 31.2N 18.9E

32 220 37.3N 11.8E_

viii 4



The values in these tables are percent

frequencies rounded to the nearest whole

percent. Values less than 0.5% but greater than
0% are depicted by a '+v.

The left side of each contingency table has
a percentage scale for the bar graphs associated
with the categories indicated along the bottom

of the table. The height of the bar graphs was
determined by adding the values within each
column. Similarly, the percent frequencies in
the column denoted by a 'T' (total) were
obtained by summing the percent frequencies
across each row. Rounding may cause minor
differences between printed totals and total

cell counts. By adding down or up the 'T'
column or across the bar graphs at the bottom of
the table, it is possible to obtain the
cumulative percent frequency of a parameter
below or above some specified threshold value.

In the following four contingency tables:
wind direction and speed, wave height and wind
speed, wave height and wave slope, and wave

height and directionality the mean value of one

of the two parameters associated with each
contingency table is displayed just above the
upper left corner. The number of hindcasts that
was available for all seven tables is also shown
at the top of each table. When SOWM hindcast
data were not retained due to insufficient wave
energy, all parameters were assumed to be zero
including the wind speed and direction. Wind
speeds were rounded to the nearest whole knot

before tabulating the frequency statistics.
Directions are those from which the wind or wave
is coming. Detailed instructions describing how
to read each of the various types of contingency

tables are contained in the 'Legends for
Tables'. Some potential uses for the

contingency tables are demonstrated in

Appendix c.

)



DURATION AND INTERVAL TABLES
Duration and Interval Tables were prepared
for:

(1) Wind speed;

(2) Significant wave height;

(3) Wave slope parameter.

The tables contain objective compilations
for 63 grid points on a seasonal basis, and also
without regard to season (All Data). Since grid
points may be representative of relatively small
geographical areas surrounding the points,
interpolation may be necessary if data are
required for areas between grid points.

Episodes of durations (continuous hours or
days) of events and episodes of intervals
(continuous hours or days) between events were
tallied for various thresholds. These tables
give an indication of how long an episode is
likely to last once it has begun. For
convenience, the time an episode persisted above
a given threshold is arbitrarily referred to as
a "duration" of the event. The times in between
episodes have been termed "intervals." Data
have been summarized on a seasonal basis as
opposed to monthly summaries. This was deemed
most appropriate because even with 10 years of
hindcast data the embedded missing data makes
the sample too small to provide representative
durations and intervals for long episodes of
wind and wave conditions. The winter season

consisted of months January through March,
spring - April through June, summer - July
through September, and autumn - October
through December, (World Meteorological
Organization, 1981). Additional information on
the construction and use of the duration and
interval tables, including examples of their
applications, is included in Appendix D and in
the 'Legends for Tables.'
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_0 ft (0m) but <3 ft (0
9
m)

"5 Of the directionahty
e were 2!85 but <90

'.'ARY WAVE DIRECTION AND WIND DIRECTfON

------ - -- Number of hindcasts

-- ~- -- Sequence number

99COON 00 E . Latitude and longitude

Wave direction frequency (left
S. ... scale Bars are percentages for

each primary wave direction
- 4 , A • • E S Wind direction frequency (right

. .s scale) Numb-.A oe percent-
3 A.2 .Sw E ages wind direction vs primary

| 9 1 wave direction U = Undefined
'- 1  C =Calm wind T Total

, I C II + Means >0 but <0.5%

YAWAVE SD' O \ " -16o Of the winds were NW

\ " -- 27% Of the primary wave
\ \ directions were NW

-2 Of the primary wave directions
were undefined with calm winds

" 
9
'o Of the primary wave directions

were NW with W winds

feet 9 16 24
036 12 20 28 34 40 48 56 64

meters 0 1837 61 85 122 146 171 195
092749 73 104

.1



LEGENDS FOR TABLES
WIND SPEED DURATIONS- SEASONAL WIND SPEED INTERVALS -SEASONAL W

SEqUENCE NUAIREW LATITUDE AND LONGITUDE SEQUENCE NUMBER LATITUDE AND LONGITUDE
I 4 3 1 I ~ * - ~ - . . . - . ., .,.,... - . 9'SEA 9 9 lIb 1235 1235*-. . . . . . . . . . . . . 181 5 -9 9' 1235_ 1 '48 I -ISEA 1I 129:364 137304..................................* 2-2 21: 38 328235 N 041 'I"1 it 2' 1- -2 Ia. ~ 1 SEA e, 30' 1532 1553 1591034 12 10 9.2, * 481 39 105 105 1235_ -34 3f12 ~I 1 3, 1 4 1* 3 1 2 - 3. 22, 690I1 47 1414 1435 154098 15 3 3 I .............. 781 1 79 231 236 1235 S 8' 4 9 4' 3 4'2 2' *2,1 1 3 841 8_12 2A 3t0 2 20 12 ?1~ . . .A..... 2 96 92 1.101' 4A0Q 4,191250 P211 ---------5 I_ 1_32 818 121419

E 2, -20 12 9:1' 6 5%4 4 .-. . __1,1,13 7,10 6. 6, 7- 1 2, 2 4. 13. 324 1 106 854 854 1288
01 1 95 9 8 -~ 1 , 4 5 l4 L,14 65 7, . -' 017 14 18 18 1 8 10-151 5, 7 32 2 3 1 2 2 4 240 1 113  e)17 o? 19

D e11 10- 10-_8_' 4* 6: 5 4._ 5 7 2 4 4 2 3 15 354 1 1,107 
9

45.
9  

1209 D >11 2 3127
1 
17 _2Y % ' I- ___ __ : 1 i 1 103' 310' 310 1235

' 7 I 9 3 2_5: 3__ 2, 4. 3. 8 32 1. 3 26 E~A 2,? 1 1 l5i'3 -7 8 1 4 .2 1 3691 68 120 120 1235j- # 3. 1 1 3. 3.2 1A? l I 6 14 434 604 3f ___2- 3 I . .~ ssA~ I 14 4325 -gypP x : - .1 I8 IV 32: 40, 40 123
12 1B .4 30 3642 484U8778 84 90 961 MAX \TE \,T T*\ TH ~ 6/12 1824 30 3942H48 5481089b72 788490 96- 1MAX jTI)Ii 1 1*N\ b,/HOURS DURATION OF EVENTS, 1/ 1 \ \ OUES INTERVAL BETWEEN EVENTS/ i

N.N

'- Event with hourses. -- : kn esse 2hor;2 vns-There were 18 12-hour intervals between events of wind speeds
IIrsstc >j6 ors7 kn. 4 intervals persisted 96 hours or more. ~

The longest event with w~nd speeds 7 kn. persisted for 1 season /I The longest interval between events of wind speeds ?:7 kn. /

or moe onait O~uired2 tims - - - -/ II was 36 hours and it occurred 1 time.-----------,I
The longest event with wind speeds 48 kn. persisted 18 hours / I The longest interval between events Of Wind speeds ?:64 kn. was I
and it occurred I time.- -- -- --------- ------ -I- 1 season or more and it Occurred 9 times.------------
41 Events had wind speeds 2:4 kn. which comprised a total of 1,336,1 1 There were 32 intervals between events of wind speeds >:4 kn__-
hindcasts------- -- -- ------------ --- ------ ) which comprised a total of 40 hindcasts.--------

1,483 Hindcasts were examined, and 1,443 had wind speeds 24 kn. ' 1,235 Hindcasts were examined, and 40 had wind speeds <4 kn-
Durations for a particular season extend from the time the event Intervals for a particular season extend from the time the event ends
begins (or the first day of the season if already in progress), and termi- (or the first day of the season the event is not in progress), and termi-
note when the event ends. Events become undefined if missing note when the event begins. intervals become undefirned if missing
data is encountered Durations lasting a season or mare are data is encountered. Intervals lasting a season or more are
categorized together Durations may persist into the next season. categorized together. Intervals may persist into the next season.

WAVE HEIGHT INTERVALS -SEASONAL WAVE SLOPE is DURATIONS -SEASONAL

SEUNE UBRLATITUDE AND LONGITUDE SEQUENCE NUM99X LATITUDE AND LONGITUDE

W8 -56 91 -4 .~'~jjW,~,~059 - --. ----.--. SEA, 1- - -- - -- - -> 14 I 2,I 4
A, ll.S A StB1235 12T51 0 I

-08SEA_9L9 1  116llls 1235 1235 1o3. 6. 5. 1, . 1861 12 19 19 2442
_.- - - I 9 SEA 91 10 1129 1248~~~~ ~ l 2 10 12' . '(481l 39' 96 99 24,it A'34 13 1 1, 231. 20 15 9. 98. 3 4. 5.2. 2,2 - 1 1 0 9 5. 355 44812SA 1 33 1355 E > 21 20 I3 35

'8-2 41 EA 0 1 151 5 15 0 3 0. 17, 13, 15. 6, 2. 10 4. 10. 4. 1 2 1' 1 3' 14' 1 1621 '133' 822 828 4
f l4 . , 1 3 , 1' 2 : 17 SEA 6 2Y 1454 IA75 15,149  > 038. 1 I1 8. 6. 7. 8, 3, 4, 2 2 I, 2 1 - 3 148 5 0 1AS5521 3 3 I 2 I i 21 SEA 1-T'4 5,13761 395' 1575 0 s 7. 9. 4 5, 3 2, 4 3 2 3 1. 12, 1 52 fSEA 2 99 2498 2503 2938S_1 1- 1 1 I 2 2 _i i24, 69011i55, 1071 1083 14 P 033, 8 3, 6 3. 4 4, 1. 3 ~ 3 3 50 SA3 T 27 .2817 35

I''1 I33 4 42 231239J74 675T 675+1254 E > 04 5 3 A, 1 4, A. 2,, 1. 1. 2.....45B1 '29 813.97
'9 1 3 5 8 5 -8 4-23 3 4 188611 73 431 43 21 > )-3 4*4' ' 2 3 I. . . 1. . 36.ISEA 10 9.281A.88

88,,4, Ir I ___3 47 189 189 123 2I2 1 3I I .3.SEA 14 37230ss
-3 .2 2 .4j,3 0 / - .> C'2 1- 2. 2jEi' 2 5504 296_ -959

112 18 2A 30 36 42 48 54 60 66 2 8 84 8089. MAX \'It 8 'T*\TM 9/218 24 30 36 42/48 54 60 99b 7.2 78 8497 \A I\ t*\. ... HOURS INTERVAl S BET WEENEVNSHOR UAONf NT

"There were 13 12-hour intervals betw een events OF wave heights"\ N .4 - ---- N,

2:9 ft. (2.7m); 4 intervals persisted 96 hours or More I t
I k-2 Events with a5 0.02 persisted 12 hours, 30 events persisted \The longest interval between events of wave heights ?!6 ft. (1.8m) 1 I2! 96 hours.

was 132 hours and it Occurred 1 time.- -- ---------- /I I I
The longest interval between events of wove heights >64 It. /II The longest event with is ?0.13 persisted 18 hours and it occurred

(95)was 1 season or More and it occurred 9times-----/ I I I time.------------------------
I The longest event with n :0.02 persisted for 1 season or more ondi I IThere were 13 intervals between events Of wove heights ?:3 ft. 1 I1 it occurred 14 times -------------------(0.9m) which comprised a total of 23 hindcasts. -- - - - I I

1,3 Hindcasts were examined, and 23 hod wave heights <3 ft. / 24 Events had is 0.01 which comprised a total of 2,477 hindcasts -,

(0.9m).------------------------ 2,659 Hindcosts were examined, and 2,641 had i >001
intervals for a particular season extend from the time the event ends Durations for a particular season extend from the time the event
(or the first day of the season if the event is not in progress), and termi, begiis (or the first day of the season if aiready in progresL', and termi.
note when the event begins. Intervals become undefined if missing nate when the event ends. Events become undefined if missing data
data is encountered. Intervals lasting a season or more ore is encountered. Durations lasting a season or more are categorized
categorized together. Intervals may persist into the next season. together Durations may persist into the next season

ABBREVIATIONS (See text for details)
MAX. Maximum duration or interval, followed by the number of Occurrences fe
TE or TI Total number of events Or intervals.
T Total number of hindcasts included in TE or TI. met(
T. Total number of hindcasts that met the stated criteria

Xii )i. TH Total number of hindcasts examined.



)S FOR TABLES
SEASONAL WAVE HEIGHT DURATIONS SEASONAL

SEOUENCE NUMPER LATITUDE AND LONGITUDE
LATITUDE AND LONGITUDE 1235

. . .. . 9 SEA 9. 9. Ilo 1235' 1-,35 1 ,O3_s
I" 1 " " " SEAIOk 14 1298 1364 1373 A 48

" " " " 1 18 SEA o 130 1530 1553 1591 v>4 . 61 1 233
3 1 23. 2:, 0901 147 1414 1435 5$40 '34 2 2. 1. . . . . . .... 121235Q-
2 3 2" " 1 -3" 27" 3841 88 1122 1124 13b0 H , 2 8  3 2 1 1 2 362 9 26 26 1235

- 2, 2 d ~1 3. 3241 106 854 854 1288 24 3, 7. 2 4 1I 2 2 .. 542 2 , 'L 74) 74--1235-
" 2 '2 " 3' 2" 2- 4 2401 r113- 617 b17 264 " >20 7, 2, 8 7 3 1 I 2 2 2 _ 1 1021 37 175 181 236

I 10811171 310 _3101 235 H > ls 3_ B. 2 6 23, 32. 4. 2' 3 2' 2 2 120 2 47 31 7 327 1238'
b3 1 68 20 120 1235 1 -2 9 9. B. t. 2, 3 4 2 2, 6" 4 3' 2' 2 10' 1742 72 589 601 1257

181V 3"2 40 40 1235 , 4. 9, 7. 5" 5 3" 1 " 7 5 " 2 1 16 2 73 8 7 A 881 1272

, - 77 84 90 9).,4 AX TI' -. iA\ 4 2 5' ' '2 " 2' " " 2' 1_ 2 1 22 SEA I 5 ! _416 1320 1509,
',*.ERIAL BETWEEN EVIENIS) 1"3 i' 3. I, 1' ______ SEA 8' 22 1524 8626 14--------. 4 ..\ ,"- i'- - - - ___ __

N, *61\ , 12 18 24 30 36 42 48 54 60 '66' 72 786 84- 90'96' IMXX fE I * 3 V
-HOURS DURAIION OF EVENTS] j I

e e \ .4 Events with wave he;ghts >6 ft (1.8m) persisted 12 hours; 22' i
intervals oerween events of wind speeds e persisted 96 hours. \

6ours or Mo The longest event with wave heights >_3 ft. I0.9 m) persisted I I II

stween events of wind speeds 2!7 kn _,/ I ' I
ccurred 1 time.-----------, season or more and it occurred 8 times.------------etween evetofewindsp 6 -- ws The longest event with wove heights _40 h. (12.2m) persisted for I
etweenevents Of wind speeds ?/64 kn. was 6 hours and it occurred 1 time....-/--- ,
,t occurred 9 times.- --- ------ /

2Is between events of wind speeds >4 kn. - / 22 Events had wave heights 3 ft. (0 9m) which comprised a total
of 40 i ---------------- -- -' of 1,524 hindcasts.- ---------------- ----- " I

eminedcad 40 h1,649 Hindcasts were examined, and 1,626 had wave heights >-3 ft
e-xamined, and 40 had wind speeds <4 kn. - (09m?.---------------------

ic- season extend from the time the event ends Durations for a particular season extend from the time the event
a season the event is not in progress, and term; begins (or the first day of the season if already in progressI, and termi-
begins intervals become undefined if missing note when the event ends. Events become undefined if missing
Intervals lasting a season or more are data is encountered. Durations lasting a scson or more Ore
Intervals may persist into the next season categorized together Durations may persist into the next season

)NS SEASONAL WAVE SLOPE is INTERVALS SEASONAL
LATITUDE AND LONGITUDE SEQUENCE NUMBER LATITUDE AND LONGITUDE

61 8 81 2442 -5 - ' 4 S $ I 3 5 1 8' 31 2572558

"81 2 19 _ 1 9 i2 E 10 2313 24 15 245.I . 9 I AISA1.- _ ___26-26

•8 I 3T 91 A 2 2_jEA 14 28 367 2893 2912
9- "933 355 355 448 - I _ I I 381 SEA9 542708 22230 1 ,27 -7 _

'1112 55i42 2 3 4 4A ISEA 1052283233702 1)4'1 162 11'3382 828 '1028E51 736 5 4 83 5_ _ 5 5 1381.74114 17 259 2616

48 81370 1 1222035 2065 2787 0 23 -7 
1  

I3 jl~ 5 . '. 4 1 9(38 1,318 752 778 266

' 1' 30'ISEA4 37 2550"696 2738 0 - - 6 , 3_ 2._" (1 421 20 39 39 2442
'8 84 9. a3jSA1' 4,27 61 'S 0 704 7' 2: It 2 3 .2 . &,. ,. 3 6 12 24 24 40

[ ; 1'0', '.2 EVENTS0 -. \ N \ N I - - HOURS iNtERVAtS BETWEEN EVENTS - "

\"\ \ I'-There were 18 12-hour intervals between events of wave ",',, I

E2 04,ite 12.8 ho rs 6O ent Ipersisted9, 1,7. W 4

p3slopes --0.068; 2 intervals persisted 96 hours or more 9\6
I 0 1 1 I- -- - -

013 persisted 18 hours and it occurred I The longest interval between events of wave slopes >010 - I 8
A I H USITRASBT ENEE

" -- _ I was 474 hours and it occurred 1 time -n f v N

I I The longest interval between events of wove slopes 015 was 1I \ I
0h , >002 persisted for 1 season 0t more and) I time - - -

-- o o .. I seasonor more and it occurred 18 times. --------- - - - -- I

I I There were 6 intervals between events of wove slopes 2:0.01 /
01 which comprised a total of 2,477 hindcosts ' which comprised a total of 12 hindcosts - --- - - - - ---

e examined, and 2,641 had i _>001 2,440 Hindcosts were examined, and 12 had wave slopes <0.01.-

cular season extend from the time the event Intervals for a particular season extend from the time the event ends
a'y of the season if already in progress, and termi (or the first day of the season if the event is not in progress), and termi-
- ends Events become undefined i missing data nate when the event begins Intervals become undefined if missing
otnons lasting a season or more ore categorized data is encountered Intervals lasting a season or more are
may prrsist into the next season categorized together Intervals may persist into the next season

currence, feet 9 16 24
036 12 20 28 34 40 48 56 64

meters 0 1837 61 85 '22 146 171 195
0927 49 73 104

K' :



LEGENDS FOR T)
WIND SPEED DURATIONS ENTIRE DATA SET WIND SPEED INTERVALS - ENTIRE DATA SET

SEQUENCE NUMBER LATITUDE AND LONGITUDE SEQUENCE NU6ER
N B 1 0 61 5 6 N 6 I. . . . . . .

I 1 12511 8I 32 1360 4 I2 A8

D 34 62 45 34 I1 15 2, 30 77A3 34' 9 7 5V C, 22 15 19 45327 9 7 2

>-,, 0 6!~ ~ 3 y,501, 3851 ,*1,0 " " . .. ._ 28 123 9 64t 9l 5V 131 36 1 11 S -28 - 33', 3,,4 :
38 3606 28 I3 P 20 61 43 3d4 25 46, 38

22 137 121 94 77 133 31 12 6 6 1 H 25,I 622'68' 63_38155132 79 44 2 i 55 32 9 .
E 2:17 158 144 00 99214 75 37 1iij 2 47 21. 86 459 460 13017 113' 98 103175*197' 96 42' 24* 67'k 6 ' 2
0 11 123 10 73 8 211 2275 98 D 11 210 180 l5 102 196 62 38 24 20 e . . . . . .

77 97, A 38 51 129021 81 W 135 1 1 2825-' 796 11074 1j112192 3606 7 316.182 104 6.2 90 25, 
1 -  

3 4. . . . .
94 3 _719' 14 _74941 2693,68C 2611 j- 1 ~Ij 6100 1 442V 1238A_ 8013606 , 94 .255 0630 31 5 35 3

25f5 75 1 j2 34 I0 20 30 60901803601wMAX TX T III T* TH 25' 57511 2 A 3IC20 K:'~-
DAYS DURATION OF EVENTS\ DAYS INTERVAL FETw '

"-. , \ I

"-17 Events with wind speeds _>4 kn. persisted 0.5 day; 57 events<KI /
persisted >1 day but -<2 days. I II I1 Interval between events of wind speeds >.7persste 1.5 dys.lll 11 day, A intervals persisted >1 day but -<2 do,
The longest event with wind speeds _41 kn. persisted 1.75 days, I V
and it occurred 2 times.-- ------ I I The longest interval between events of wind sr
The longest event with wind speeds >34 kn. persisted 3 days //I 6.25 days and it occurred 1 time- - - - - s---
and it occurred I time.-------- The longest interval between events of wind SP

442 Events had wind speeds ->4 kn which comprised a total of ,/875 days and it Occurred 2 times-

12,384 hindcasts-------- - -- ---------- I There were 451 intervals between events of lY
13,606 Hindcasts were examined, and 12,640 had wind speeds > >4 kn which comprised a total nf 963 1
?:4 kn ---- 13,606 Hindcasts were examined, and 966 hoo

Durations extend from the time the event begins and terminate Intervals extend from the time the event ends c
when the event ends. Events become undefined if missing data is the event begins Intervals become undefined
encountered encountered

WAVE HEIGHT INTERVALS ENTIRE DATA SET WAVE SLOPE it DURATIONS . ENTIRE DATA SE'
SEQUENCE NUMBER LATITUDE AND LONGITUDE SEQUENCE NUMBEiR

794T T 3_60613606 715 2: 3-
W-5 -  

I 3 . . .... .... .. 3 606 14 12, 5 3 . . . . . . . . .A 48- 13606113606 W 1 3 25 16 15, 5 4.

V ?40 j 308 2.1 2 1239 135963606, A 2 21 29. 2'34..... . ............. 3s I... 7-;5i 2793 973.z"io '>12 48 ;4732 0 2" I". ....... ,E 34 -13' 1'1 3i 2 * 9 M 713373'13606' > 11 20. 76. 47 46 108 27 2 3, . . . . .
28 3'i l l* 5 2 1 3 2 312 4011751 30 857 13509 3606 10210139.104

924~- _ _ _ _ __ . 8 11I83.9 1 5 1
S24,. -- 5 1. 5. 7+ 3. 2, 13 12 4 11 i..........3300l 76;9465 13334 13606 20 - 16.128.104 105265,206 116 69138. 40.... ...
!'20 7 8 7 2 1 14, 10 6 18 20 11 9. I" 3 -5, 232251.I3A 9223 12937 0 >-06 1120104" 76. 75 241 155129 99 197 8 18 5 ">16 18 17 11 6 32 26 13 14 33 31 II 4 2 2., 2057S1226 9023 12204A 1360 P 705 .135, 8! 7 0 0 38 IO94 92 100 24 12

12 9I53_ 34425, 152, So 2?, 23,40O 29, 7, 7 3 2 1 180 75 1 363. 9056_ 10D76 1306(010756 I9,1 , 976110631. .
>957 4532 36 93+ 49 28' 16"34 24 8 7 3 2- -128501'434 _ 03. 9d 58, 4 44.9' 82' 82' 53__7* Q_ 45 28 3
>6 72 56 39 46 92 -A7 21 17 AID 35 6" 4 - SO-SO i 5 1"75'639 5 6612 13606 02, 69 42' 29 18 64 46 51 32 106 68 44 34 9 I
- L73 67135' 31' a 35' 2" 17' 26: B 3 313 328130 _ o, ,32T IS , 3 19 10 Io 15 , 40 13 45 17 - "

25 5/75 1 2 3 4 5 10 20 30o60 90 180360 o, MAX',9T T ' * T",Hk  25 5 75 1 3 A 5 1b 0 kC 97
DAYS INTERVAL BETWEEN EVENTS ,DA DUR-..,, \ OI

.~fi ,iDAYS DURATION OrCi ',

'-t iR;e2,,Il between events of wave heights 2!34 ft. (0.4m) persisted\% I\
05 day; 2 interval, persisted >1 day but __2 days. I i "-32 Events -w~h a -001 persisted 25 day, 19 e

The longest interval between events of wave heights ?_3 ft. (0.9m)j I day but<2 days
was 18.25 days and it occurred 2 times.--------- / I The longest event with n >012 persisted 3 25
The longest interval between events of wave heights 40 ft. e / I occurred 1 time

- - I The longest event with a _013 persisted 1 50
w 308 25 days and it occurred I time. - /2tm s- -/

There were 401 intervals between events of wove heights / 2 times
:t3 ft. (09m) which comprised a total of 3,133 hindcasts.-- 267 Events had a 001 which comprised a to

13,606 Hindcasts were examined, and 3,208 had wave heights <3/ hindcasis.
ft. (0.9m ) -- - . . . . . . 29,016 Hindcasts w ere exam ined, and 28,054

Intervals extend from the time the event ends and terminate when Durations extend from the time the event begi
the event begins Intervals become undefined if missing data is when the event ends Events become undefini
encountered encountered

ABBREVIATIONS (See text for details)
MAX: Maximum duration or interval, followed by the number of occurrences
TE or TI Total number of events or intervals
T. Total number of hindcosts included in TE or TI
T*- Total number of hindcasts that met the stated criteria
TH Total number of hindcasts examined



LEGENDS FOR TABLES
4D SPEED INTERVALS ENTIRE DATA SET WAVE HEIGHT DURATIONS ENTIRE DATA SET

SEQUENCE NUMBER LATITUDE AND LONGITUDE
S, NCE _NUSIER LATITUDE ANDLONGITUDE A r--- -T -.-. --- , --

13606'13606 :
9
6 

___

Ni S~ ~ *I i .t o .32010 8829.V13 r-- -- 1001I 4 10 1013606
S22 5 IQ 4 3 C 27 9 7 2 14 2080 SO t798 13 1731)360i5 E R2 It__l

1551 3 34 20 4 38 772 3 1* 181751 38D10399 124051360(5 H 02 5 9" 1 4 20 697 97130
68 03 38* 1 5 63154 -1,.7 4 27. 55, 32. Q 4 5. 2, 100 1 09 11070 13606 E 92A 101 2.~~i 097 -3

- 0. '-1 5 97, 96, 42. 24. I)? 36, 6. 2. 5025 i8tj0  1975 I001'23W6'- 1,19 -- 82_ 272-272 13606,
51,59 887 90131 . .G 20 2023 36 15 54A501 1139 663 669 136005

S 15 129o o2 38 -4 20 t1620S1 988 5108 _ 14 1 H 16' 31_ 35 9 4 70 35 7 6, 4 100I23 192 10_ 6
06 41. 9 2 23 42'76 256 38 1360 46 vl

1
2S '

6
, 71 329;220, 4. 15751 367 2833 2845 13606

-3 53 ~ - ~ ~ 341939632 6 383010 65 30 19 Lj10 lz 1 2001 438 4603. 4616. 1360
2 34 0. 1i' 64360 311060 26 230532 :L 6 ~ 50 1477 6932 (5994 13606

I ~ ~ - BVSI7E\ ETWEEN EVENTS7 2' 295 9 9 5-
T-. , 2- . I- _9__

I N93~2~ 31_138 8Th 9 46  96 T 2361_00 1393i 0094 10398 13606,~. 8, i~i 0,5- 7012 4 02 30 60 90 180 360\- MAX T EN -% T, TH
N F [D A YDAS DURATION OF EVENTS\ T,

"-33 Events with wave heights :3 ft (0.9 m) persisted 0,5 day, 68\ I
I Irnterval between events of wind Speeds 2!A8 kn persisted 05.I events persisted >1 day but !-2 days.

day~~ ~ ~ ~ 4Inevl esse > a u 2dy The longest event with wave heights ?28 ft (8 5m) persisted 2
The longest interval between events of wind speeds ?A in was Ai I days and occurred 2 times----------------- I
b '25 days and it occurred 1 time I-- -- - I The longest event with wave heights 2!24 ft. (7.3m) persisted 25,'
Tke longest interval between events of wind speeds !7 in was ,II dasndcure1tie- - - - -- --

87 osadit occurred 2 times -- ---------------- dasadcre I tie----- /

/ I 393 Events had wave heights ?3 ft, (0 9m) which comprised a/
T:--, were 4.31 intervals between events of wind speeds toa of1,9-idat

:4knwhih omrisd ttalof96 hidcst 13,606 Hindcasts were examined, and 10,398 had wave heights,/
13 606 Hindcasts were examined, and 966 hod wind speeds <4kn > -3 ft (09m)-----------------------

rl'ervals extend 7rom the time the event ends and terminate when Durations extend from the time the event begins and terminate
'ole event begins Intervals become undefined if missing data is when the event ends Events become undefined if missing data is

er'ccunt~ered encountered

4 VE SLOPE io DURATIONS -ENTIRE DATA SET WAVE SLOPE (it INTERVALS -ENTIRE DATA SET
LATITUDE AND LONGITUDE 59iIENCF 6iUN.,9Ei LATITUDE AND LONGITUDE
53 , 8, 891 15 It 516 I 2' 70 91258 29516

5. 3 IS . 7500 2% 31. 31.29016, 1,4 I 3. . 3' 0144 7S1 9 704 269529216
2 5.15. 5. 5 4 . . . . . . . . . 150 2. 4. 1421 145 29C16. 1370 2 31 ~ 5. 1, I, 53 15 A. 6. 2. 2 6 1387 '51 491)1986 28871 26016

48 4732 21 29 2 1 ;0'3' 2 0 6 20 531'29016, A 12 6 8 5V 2 16. 6. 7. 7.2633. 10.20. A.4 9 
1

2513 1 0 b519,32 28485' 29-196
.~' .5 .3 63 .6891 .I .4 .2 .5 21" 02 1'* 3I 504 29 22 7 _ S .~ 5 415 23246 27368 .295-r16

76 47 A6 '58, 27 3 3..............90 87 4413 43 6J1480 29016 III 396'i I11 97 8179 82
8 ' 18 399. 31. 5 16950 7 4415 6A029016' 0 992.. . . . .IA 9 1 .. 1 .. . . . . .I8"4' 27501 86622,580 24566.290169

t 120 ICA 1'S 265 06 ilf 09 138 40 4 23751 1411 14261 1416206 82 *5;2,, 4 7 3;7. I. . . . I A 5111 49 45 9 1
. 4 71) 75 24A I1I50 129 99 197 88 18 0........01 131231'00, 23 79: 8 4i 3 2 1 1,1 .7 34 b. A. . .475 1'1111 49 ' 110 29016

35 41 7 0018 159 12 430 206 oS 7,8 542 3 1 '4 62 4I 150131 8'll 8CC 102 2901b817 52018l 4192 100 24. . . . . . 111'21835:22909.29016. F, 75,304,227 i43,93.244. 94. 48, 25, 3 2. II 4011 7-0 55 9
4 2.75,6 5 88, 115, 97 66171 106 30 19. . . . 05801 1111 22954 2A429 29016 A3t2718 617,3 ' A5 57 57206

'A. 58. 45. AA 119. 82, 82. 3147 95. AS 28..........775 1 805023326 20663 29016, 03 5 318,173. 1134 72.151 43. 26. 5. I 8 5- 1.91G 337 0353 216t
66 42 29 18, 64, 46 5i 32 106 68 44 34 9 i' 9075 1 613:22003:26905:290)16, 02 23113 26,8 23 14.3 4. 2 'IN01 -Q0 11 2 16
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hindcasts------------------ --- which comprised a total of 961 hindcasts - I -- :7
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WIND SPEED (.-10 AND >:34 KNOTS)
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Solid L ines (dotted intermediates) - Percent
frequency of wind speeds <-1 knots

Dashed Lines (short intermediates) - Percent
frequency of wind sppds >34 knotS
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Dashed Lines (short intermediates) - Percent
frequency of wind speeds >_34 knots
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Solid Lines (dotted intermediates) - Percent
frequency of wind speeds <10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds -_34 knots
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WIND SPEED (<10 AND 34 KNOTS)

Solid Lines (dotted intermediates) - Percent
frequenLy of wind speeds _510 knots

Dashed Lines (short intermediates)- Percent
frequency of wind speeds >-34 knots
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JUNE WINI

Solid Lines (dotted intermediates) - Percent
frequency of wind speeds <10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds 2:34 knots
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WIND SPEED ( 10 AND -'34 KNOTS)

Solid Lines (dotted intermediates)- Percent
frequency of wind speeds <10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds '34 knots
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Solid Lines (dotted intermediates) - Percent
frequency of wind speeds _10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds >!34 knots
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WIND SPEED (<10 AND !34 KNOTS)
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Solid Lines (dotted intermediates)- Percent
frequency of wind speeds <10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds 34 knots



)TS) SEPTEMBER

<<1

-ent

cent



OCTOBER

Solid Lines (dotted intermediates) - Percent
frequency of wind speeds <10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds >_34 knots
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WIND SPEED ( 510 AND _:34 KNOTS)
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Solid Lines (dotted intermediates) - Percent
frequency of wind speeds <10 knots

Dashed Lines (short intermediates) - Percent
frequency of wind speeds >-34 knots
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Solid Lines (dotted intermediates) - Percent
frequency of wind speeds :10 knots

Dashed L'ines (short intermediates) - Percent
frequency of wind speeds >34 knots
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Solid Lines (dotted intermediates) - Percent
frequency of wind speeds 10 knots

Dashed Lines (short intermediates)- Percent
frequency of wind speeds >-34 knots
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights <5 feet (<1.5 meters)

Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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Solid Lines (dotted intermediates)- Percent fre-
quency of wave heights <5 feet (<1.5 meters)

Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights <5 feet (<1.5 meters)
Dashed Lines (short intermediates) - Percent
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights <5 feet (<1.5 meters)

Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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Solid Lines (dotted intermediates)- Percent fre-
quency of ,v,,cvie heights <5 feet (<1.5 meters)
Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights <5 feet (<1.5 meters)

Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights <5 feet (<1.5 meters)

Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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Dashed Lines (short intermediates) - Percent
frequency of wave heights <8 feet (<2.4 meters)
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WAVE HEIGHT (_>12 AND >20 FEET)

Solid Lines (dotted itr e aes -Percent fre-
quency of wave heights >!12 feet (_>:3.7 meters)\

Dashed Lines - Percent frequency of wave
heights >!20 feet (?:6.1 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quenc, of wave heights >_12 feet (>'3.7 meters)

Dashed Lines - Percent frequency of wave
heights _>20 feet (_>6.1 meters)
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WAVE HEIGHT ( 12 AND >20 FEET)

Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights :12 feet ( :3.7 meters)

Dashed Lines - Percent frequency of wave
heights >_20 feet ({>6.1 meters)
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Solid Lines (dotted intermediates)- Percent fre-
quency of wave heights >-12 feet ( _3.7 meters)

Dashed Lines - Percent frequency of wave
heights 2:20 feet (>26.1 meters)
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WAVE HEIGHT (>12 AND >:20 FEET)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights _12 feet (_!3.7 meters)

Dashed Lines - Percent frequency of wave
heights 20 feet (?:6.1 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights _12 feet (:3.7 meters)
Dashed Lines - Percent frequency of wave
heights _20 feet ( :6.1 meters)
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WAVE HEIGHT ( _12 AND >_20 FEET)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights >12 feet (>_3.7 meters)

Dashed Lines - Percent frequency of wave
heights ?20 feet (:6.1 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights _>12 feet (_>3.7 meters)

Dashed Lines - Percent frequency of wave
heights -!20 feet (_>6.1 meters)
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WAVE HEIGHT (-?12 AND >'20 FEET)
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WAVE HEIGHT (>'12 AND >'20 FEET)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights >12 feet (>3.7 meters)

Dashed Lines - Percent frequency of wave
heights >.20 feet (>_6.1 meters)
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Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights ?12 feet (?3.7 meters)

Dashed Lines - Percent frequency of wave
heights ?20 feet (?6.1 meters)
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WAVE HEIGHT (?-12 AND >:20 FEET)
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Solid Lines (dotted intermediates)- Percent fre-
quency of wave heights 12 feet (>_3.7 meters)
Dashed Lines - Percent frequency of wave
heights 20 feet (:6.1 meters)
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DECEMBER WA\

Solid Lines (dotted intermediates) - Percent fre-
quency of wave heights >'12 feet (>'3.7 meters)

Dashed Lines - Percent frequency of wave
heights '20 feet (>'6.1 meters)

38



WAVE HEIGHT (>12 AND >20 FEET)

(Q7~ 1



WAVE HEIGHT ( _12 AND >_20 FEET)
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Solid Lines (dotted intermediaies) - Percent fre-
quency of wave heights >__12 feet (>3.7 meters)

Dashed Lines - Percent frequency of wave
heights ?:20 feet (>6.1 meters)
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JANUARY WAVE
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Solid Lines (dotted inemdae)-Percent -__

frequency of wave slope parameter (at) :50.05

Dashed Lines (short intermedates) - Percent-
frequency of wave slope parameter (a) >010
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WAVE SLOPE (a) (:50.05 AND >0.10)

I31/

/ --__
- -'

"-3 - "- -- i

4o)



WAVE SLOPE (a)(_50.05 AND 0.10)
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Solid Lines (dotted intermediates) Percent \"

frequency of wave slope parameter (o) :50.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (o) >0.10
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WAVE SLOPE (ix)( 50.05 AND 0.10)

Solid Lines dotted intermediates)- Percent "

frequency of wave slope parameter 10) --S0.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (() :0.10
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Solid Lines (dotted intermediates)- Percent
frequency of wave slope parameter (a) :50.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (a) >0.10
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WAVE SLOPE (ax) (50.05 AND 0.10)

Solid Lines (dotted intermediates)- Percent
frequency of wave slope parameter (a) ___0.05
Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter ((I) :0.10
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JULY WA

Solid Lines (dotted intermediates)- Percent
frequency of wave slope parameter (a) :50.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (a) >_0.10
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WAVE SLOPE (a) ( 0.05 AND :0.10)

\\ -- .2

Solid Lines (dotted intermediates) - Percent
frequency of wave slope parameter (a) --50.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (a) >:0.10
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SEPTEMBER WAV

Solid Lines (dotted intermediates)- Percent
frequency of wave slope parameter (a) :O.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (0) 0.10
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WAVE SLOPE (a) (50.05 AND :0.10)
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Solid Lines (dotted intermediates)- Percent
frequency of wave slope parameter ((K,) 0.05

Dashed Lines (short intermediates) - Percent
frequency of wave slooe parameter (k) >0.10
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frequency of wave slope parameter (a) <0.05

Dashed Lines (short intermediates) - Percent
frequency of wave slope parameter (x) -0.10
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WAVE SLOPE (a)( 50.05 AND 0.10)
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Solid Lines (dotted intermediates) - Percent
frequency of wave slope parameter (n) :0.05

D-ushcd Lines (short intermediates) - Percent
frequency of wave slope parameter (0) ?0,10

"- (



0) DECEMBER

/ / >

4 t'--K)

100510

51 /"-



ANNUAL WAN

I/-%

, /

I~ --

Solid Lines (dotted intermediates)- Percent 
2- "

frequency of wave slope parameter (o) :0.05 7
Dashed Lines (short intermediates) - Percent
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APPENDIX A angle of 720 and, thus, five tz
common point. On a map, tt

SOWM D EVELOPMENT equilateral triangle meet at areach triangle is plotted

Before 1975, FLENUMOCEANCEN relied on projection.

*singular" wave models to predict wind wave, and
swell heights as well as their corresponding The triangles are not oriE

directions and periods. The basic weakness of way relative to the latitudes
the "singular" models is that they do not the Earth. Instead, the icosal
accurately depict the complex wave propagation so as to maximize the number
in the larger oceans like the Atlantic and land. Fig. Al shows the 20 tri
Pacific where several wave trains can coexist in verticies and edges appear
one area at any given time. projection1 . Each triangle coN

same area, and the marked distc
The SOWM is a wave specification and projection is evident.

forecasting procedure that will describe the
complex frequency-direction spectrum of waves in
deep water with a reasonable resolution on a
grid of points over the ocean. As originally 17 -,

planned, there were to have been four times as
many grid points and twice the angular
resolution for the spectra. The computer
program exists for this higher resolution model,
but it is not operational. Running time and
memory allocation constraints made it necessary
to reduce the number of grid points and decrease
the angular resolution. This coarser grid can
result in a misinterpretation of sub-grid scale
features and fetch.

Since the SOWM is a general purpose
deep-water model, it was not designed to include , -.
effects such as refraction, diffraction,
shoaling, and bottom friction. As a
consequence, SOWM output should be interpreted .
with a great deal of care for shallow water -

applications. Also, there are no wave-wave or
wave-current interaction mechanisms; the latter
have been observed to alter the wave fields in
regions of a strong current like the Aguhlas
Current and the Gulf Stream.

The grid of points were laid out on
gnomonic subprojections of an icosahedron (a
solid whose surface is 20 equilateral triangles)
so as to allow great circle propagation. For
each of the 20 triangles, a gnomonic projection
is used. Thus, a straight line with any .,,, ,.,
orientation on any of the 20 subprojections is a
great circle. On the sphere, the sides of the FIG. Al The twenty
equilateral spherical triangle intersect at an All triangle!

(



Le of 720 and, thus, five triangles meet at a Two sides of a triangle form a natural set
non point. On a map, the sides of the of axes for each subprojection and the grid of
ilateral triangle weet at an angl, of 600, if poinrt- at :hich the SOW1 spectra are computiu
a triangle is plotted as a gnomonic are formed by the intersections of equally
jection. spaced lines drawn parallel to the two chosen

sides of each subprojection as shown in Fig. A2.
The triangles are not oriented in a simple Each grid point, in principle, ought to be
relative to the latitudes and longitudes on representative of wave spectra anywhere within
Earth. Instead, the icosahedron was located the hexagon surrounding the grid point.

as to maximize the number of verticies on
d. Fig. Al shows the 20 triangles as their
ticies and edges appear on a Miller 1 A Miller projection is a cylindrical
jection I . Each triangle covers exactly the projection similar to a Mercator projection with
e area, and the marked distortion of a Miller less exaggerated spacing of the parallels at
jection is evident. high latitudes.

.......................................

FIG. Al The twenty equilateral trianqIles of the icosahedral (Inomonic projection of the SOWM.
All trian(Iles are the same size on the Earth, but the Miller projection distorts them.
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for southerly winds at the equator. No swell
from the Southern Hemisphere exists in the

* o omodel, although tney could be appreciable just
* o o .north of the equator during the Southern

0, •Hemisphere winter. Also, there is no specific

0 * . ° " * provision for tropical cyclones in the model.

0 . o a . 0 ' 0 Once the grid, the spectral resolution, and
0 a 0 . 0 . the time step are prescribed, the model can

0 0 * 1 0 0 0 compute what the spectrum will be at each grid

0 a * 0 * 0 0 * 16 point x hours later, given an initial wave
S0 * 0 * a 0 * .* * 0 spectrum and the winds at all grid points at the

0 0 0 a 0 a 0 0 40 •time, t = to.

0@ 0 0 0 0 g *. 0 a 00 0

C U 0 0 0 0 0 0 0° S 5 C C S In the SOWH, this is accomplished by

0 • • 0 0 • • • 0 0 4, 0 0 • • 1• • • ,computing: (i) how much the wind-generated sea

0 *@ 00*0 0 9 0o 0 0 0 0 S

. . . ..' ' ".OU
0 0 @ 00 0 00 0 0 00 0 0 0 00 a S SC 0

0 0 00 00 0 000 ' 0 0 U

FI1G. A2 The 325 gJrid points on a triangular gInomonic I0
Sul~projection for the SOWM. Any straiglht line
s a great circle. The hexagon around the circled
dot shows the area represented by a grid point.U
The inner hexaclon of heavy clots and the oUter0U0
hexagon of X's show those grid points reqJuired .0
!o treat wave propagation effects at the circled Ipoint. (After Pierson, 1982) 04

The great circle property is indicated by
the fact that waves can travel to a given grid
point along a great circle path from any one ofI
the six surrounding grid points, thus accounting0I0
for six of the 12 direction bands in the model.
The other six direction bands have directions ofT
travel halfway between those for each of the S*D0
primary directions. These spectral components
are effectively treated as if they come from a
source on the inner hexagon surrounding each
grid point at a point halfway between two grid
points. The distance involved is thus only
about 85% of the primary distance as shown in
Fi6. A3.

Land boundaries and a prescribed ice limit SIX PRIMARY DIRECTIONS
act as sinks for spectral components. Grid
points just south of the equator are treated as FIG. A3 Grid points involved in propagation. The largle dI
an artificial land boundary to provide p~oint a downward propagating spectral compone
appropriate sinks for southward moving spectral downstream point are shown. For secondary dir
components and artificially fetch limited waves at the open circles - for one time step. The shif
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the equator. No swell will increase or grow (if at all) during the

emisphere exists in the next time step at each grid point; (2) how much

ould be appreciable just the waves traveling against the wind (+ 900)

r during the SouLnern will be dissipated; (3) how far each spectral

so, there is no specific component will propagate at a representative

cyclones in the model. group velocity along a great circle path in
x hours; and, then reassembling the spectra for

e spectral resolution, and the end of the time step.

escribed, the model can
rum will be at each grid For brevity, these steps are called Grow,

given an initial wave Dissipate, and Propagate. For the SOW

at all grid points at the hindcasts at the end of a six-hour time step,
within the resolution of the model, the new
spectra at the grid points represented the

:his is accomplished by waves at t = t + 6 hours; new winds were then

nuch the wind-generated sea used, and the processes of Grow, Dissipate, and
Propagate were repeated.

UU

0 6U

I 0

* /

00

00 D0

-Y DIRECTIONS SIX SECONDARY DIRECTIONS

,l~( in propagation. The largle (lots onl the left are for the six primary dIirections. For thle circled
rd I Irpagiatinqj spectral component reij~i ring an upstream point, an uipper Lijpstrearn point arid a

let are! shown. For secondary dfirections, the points onl the inner hexaglon are treatedl as if located
1 for one time step. The shift is reversedl for the next time step. (After Pierson, 1982)



APPENDIX B Conversely, the highest frequency is
which corresponds to a period of 3.24

PARAMETER DERIVATIONS The SOWM generates 'en-.!rgy 'ariaLLcb'
cell within the 180 element matrix f

The output from a SOWM hindcast includes a wind fields. There is a certain
directional variance spectrum at each grid point confusion inherent in the terminolog
as represented by 12 equally divided direction variances' since the values within eac
bands and 15 frequency bands of vazying widths not energies. It is necessary t
as depicted in Tables Bl and B2. The direction somewhat to appreciate the roots
bands are unique for each grid point, but the terminology.
frequency bands remain constant for all grid
points (Table B2). The lowest possible In a steady Sea State the recor
frequency in a SOWM spectrum is 0.0388 Hz which waves (a continuous time series of the
corresponds to a period of 25.7 seconds. fall of the sea surface at a point)

TABLE B1

AN EXAMPL1 OF A DIRECTIONAL VARIANCE SPECTRUM

Wind Direction = 1600 Wind Speed = 21.5 kn

Central Frequency (hz)

Direction .308 208 .158 133 .117 103 .092 081 .072 067 .062 056 .050 .044 .039
(deg)

96.6

66.6

36.6

6.6

336.6

306.6

276.6 .01 .06 .10 .15 .42 .15 .02 .02

246.6 .04 .13 .18 .13 .13 .11 .05 .03 .01 .01

216.6 .06 .20 .35 .29 .33 .18 .06 .02

186.6 .06 .20 .37 .30 .28 .01 .09 .02

156.6 .04 .14 .20 .14 .12 .01 .03 .01

126.6 .03 .08 .04 03

FreqUency
Spectrum .23 .75 1.10 .91 .95 .41 .38 .50 .16 .02 .03

Derived parameters: H = 9.3 ft., T = 8.57 s., (t 0.085, PWD = 212, Pc = 0.77
t) p

%(:., I0



T, the highest frequency is 0.308 Hz repeat itself exactly from one wave to the next
responds to a period of 3.24 seconds. because the waves are a superposition of
generates 'energy variances' in each sinusoids with many different frequencies and
1- L,,, 130 ale-.cat matrix fron input directions of travel. Every wave record of
ds. Therc is a certain amount of finite length as a function of time, however,
inherent in the terminology 'energy can be decomposed into harmonics. The zeroth
since the values within each cell are harmonic is the mean elevation of the sea and is

gies. It is necessary to digress assumed to be zero for the analysis since the
to appreciate the roots of this contributions from much longer periods such as

gy. the tides are constants during the time of
observation. The first harmonic, is a least

steady Sea State the record of the squares fit of a sinusoid with a period equal to
continuous time series of the rise and the wave record with its peak positioned such
he sea surface at a point) does not that its amplitude is maximized. The first

TABLE B2
\CE SPECTRUM

BAND NUMBER, BAND WIDTH, CENTRAL FREQUENCY
21.5 kn (AS A FRACTION AND A DECIMAL), PE,,OD, AND

BANDWIDTH BOUNDS (After Pierson, 1982)

Band Lower Llpper
2and Widt Central Central Period Bound Bound

.062 .056 .050 .044 .039 Dicctional Numher x 180 Freluency Frequency x 180 x 180
Total __180___180

1 24 55.5:180 0.30833 3.24 43 5 67.5

2 12 37.5180 0.20833 4.8 31J 43.5

3 6 28.5"180 0.15833 6.32 25.5 31.5

4 3 24.0180 0.13333 7.5 22.5 25.5

5 3 21.0180 0.11666 8.57 19.5 22.5

6 2 18.5180 0.10277 9.73 17.5 19.5

.02 .93 7 2 16.5!180 0.09166 10.91 15.5 17.5

.01 .82 8 2 14.5/180 0.08055 12.4 13.5 15.5

1.49 9 1 13.0'180 0.07222 13.85 12.5 13.5

1.33 10 1 12.0/180 0.0666 15.0 11.5 12.5

.69 11 1 11.0180 0.06111 16.4 10.5 11.5

81 12 1 10.0/180 0.0555 18.0 9.5 10.5
- -- - - - - - 13 1 9.0,180 0.0500 20.0 8.5 9.5

.03 5.44 Total 14 1 8.0180 0.0444 22.5 7.5 8.5
S(ft2 )

, c 0.77 15 1 7.0/180 0.0388 25.7 6.5 7.5
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harmonic has one maximum and minimum for the WAVE HEIGHT
entire -,tv, ecord. The second harmonic has a
period of one-half the wave record with its two In Table BI each quantity within the cells
peaks positioned such that it too has maximum of the table has units of ft2 , and cells without
amplitude. Each subsequent harmonic can be any values contain component variances less than

thought of as a least squares fit of a sinusoid 0.01 ft2 . Such small values were considered

with the number of peaks and valleys (or the insignificant, and were not retained in the
period) increasing (decreasing) corresponding to output generated from the SOWM hindcast. The

the harmonic number. By adding each new total variance of each spectrum can be converted

harmonic to the preceding harmonics, the to a spectral wave height parameter (Hm,) which

harmonics or the 'Fourier Series' begin to closely corresponds to the significant wave

resemble the wave record. If the number of height (H11/3 ). The significant wave height on a

observations on the wave record is N, then N/2 wave record is defined as the average height of

harmonics will completely describe the wave the highest one-third of the wave heights. The

record. quantity (H1 /3) has been shown to rougn±y
approximate the characteristic wave height

The average energy in the wave motion per observed visually (Cartwright, 1964;

unit area is described by: Nordenstrom, 1969). The spectral wave height
parameter (Hmo) from Rayleigh statistics is

E 1-2 pg a2 (BI) defined as:

where P is the density of the ocean water, g is Hmo = 4 (m )2 (B2)

the acceleration of gravity, and a is the wave
Pmplitude. Half of the energy is kinetic, and where rao is the sum of the component variances

the other halt is potential. of all cells of Table Bl. The quantity (mo) is
commonly referred to as the moment of order

Recalling that each wave record can be zero. The correspondence between Hmo and H1/3
decomposed into a number of harmonics, then if is strictly valid for a spectrum with most of

the amplitude of each harmonic is squared, its energy or variance concentrated over a

multiplied by ( pg), and plotted on a graph as narrow range of frequencies, but the

the ordinate using the associated frequency or approximation in the cases with a broader

period of the harmonic as the abscissa, the spectrum is sufficiently close for most
resulting graph is a 'wave energy spectrum.' practical applications (World Meteorological

Initially it was customary to present the Organization, 1976).

spectrum in this manner (World Meteorological
Organization, 1976), but since the magnitude of WAVE PERIOD
the right-hand side of Eq. BI is dominated by
(a2 ) the multiplication of (pg) is now omitted. The choice of the modal or peak wave period

This is the format of the data generated in the (Tp) is based upon the 'variance densities' of

SOWN hindcasts. Each cell in Table Bi can be the point spectrum. 'Variance densities' with

t /2a2. dimension of ft2 -sec are obtained by dividingsummed to yield the quantity (i/a2). The tevracsb h rqec adit. I

omission of (pg) transforms the 'wave energy the variances by the frequency bandwidth. In
spectrum' into an 'energy variance spectrum' or the S0OM the bandwidths vary in size from

spetr'm'ino a 'negy aranc sectum or 0.00560 to 0.1333 Hz. After dividing by the

more appropriately 'variance spectrum,' since

the sum of each cell in Table Bl will equal the bandwidth, the energies are standardized with

variance of the spectrum of the wave record it respect to one another. Tp can then be obtained

Is representing. Likewise, the area under a by choosing the central frequency, or
variance spectrum curve as derived from the corresponding period, associated with the peakfrequency spectrum totals in Table will equal variance density. In Table BI, T is associated
the variance of the spectrum represented with the central frequency of 0.?17 Hz, which

equates to a period of 8.5 seconds. The problem
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HEIGHT associated with an ill-defined modal period of a

specific spectrum, as occurs when there is only
antity within the cells a small difference betws±en the variance
f ft2 , and cel' without densities of two or more frequency bands, is
nent variances less than minimized due to the large number of spectra
values were considered included in the summaries presented in this

not retained in the atlas.
e SOWM hindcast. The

pectrum can be converted WAVE SLOPE
t parameter (Hm) which

the significant wave The slope associated with very high waves
ificant wave height on a is considered by many ship designers to be a
s the average height of major contribution to operational failures. The
the wave heights. The wave slope is often estimated using the ratio of

een shown to roughly the wave height (H) to the wave length (L).
teristic wave height However, the relationship usually used to obtaiu

(Cartwright, 1964; the wave length:
spectral wave heightRayleigh statistics is L = 5.12T2  (B3)

where T is the wave period in seconds and L is

tP)) the wave length in feet is valid only when the
wave is a simple periodic sine wave. Pierson

he component variances (1955) clearly states that Eq. B3 does not hold
The quantity (in) is for the irregular sea surface. The assumptions
the moment of order under which Eq. B3 was derived are violated

e between Hmo and H1/3 outside of the wave tank. An alternative method

spectrum with most of of estimating the wave slope is needed. Since
e concentrated over a the SOWM provides a frequency spectrum of wave

equencies, but the energy this information is used directly in this
cases with a broader atlas to calculate a wave slope parameter (a).
Lly close for most
(World Meteorological The wave slope parameter, a , is defined by:

I',

(m) 2 /g (B4)

'ERIOD where m4 is the moment of order four (the fourth

)dal or peak wave period moment). The moments are defined by:
iariance densities' of K

"iance densities' with m = E Viiin (B5)
obtained by dividing n i=l 1

,uency bandwidth. In
is vary in size from where w is the circular frequency, n is the
fter dividing by the order of the moment, Vi is a component variance,
are standardized with and K is the number of frequency bands. The
T can then be obtained parameter a is the root mean square of the
tral frequency, or absolute slope at any fixed point. Cummins and
ociated with the peak bales (1980) derived the wave slope
le BI, T- is associated parameter in. It should be noted that a is more
: of 0.[17 lz, which strongly influenced by the shorter, higher
5 seconds. The problem frequency components of the spectrum than by the
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larger, longer, but not so steep waves near the PRIMARY WAVE DIRECTIOt
modal frequency. Thus, a "rough sea" as
measured by a, does not necessarily imply a DIRECTIONALITY
"high sea." Information regarding the The primary wave direction (PWI

significance of its range of values can be directionality ( c) are two parameter

calculated from the derivation of the root mean derived from the directional spectru-,

square wave slope of a regular wave. The opposed to the fre aency spectrum tot

resulting equation is (Gentile, 1982): definition of the PWD is taken direct.

FLENUMOCEANCEN's 1981 versionH
r w operational SOWM computer program

c,= (- 36) 1981). The PWD is determined by a

w process. First, the maximum varia:.

the directional totals is identified.
where Hwis the wave height (crest to trough) and one of the twelve directional bands.
Lw is the wave length. Information in Table B3 following true-false tests are p.,
is based upon Eq. B6. sequence.

TABLE B3 12
V > " [i l Vi] i #m

APPROXIMATE VALUES OF WAVE LENGTH m

TO WAVE HEIGHT FOR ASSOCIATED VALUES
OF THE WAVE SLOPE PARAMETER () 12

Ratio Wave Anqle of V > rf [ E V. i # m
Wave Slope Lenet h (L) to Wave Slope mm+l i=1 i

Parameter It) Wave Heiqht IH) Tan 1 (H 'L)
12

0.01 222.0 0.3" V > i/ [iZ Vi] i #
m,m+l ,m-1 =

0.02 111.0 0.5'

0.03 74.0 0.80 where i is one of the 12 directional
V.+0 is the higher of the

0.04 55.5 1.0" directional variances.

0.05 44.4 1 3" If Eq. 117 is true, then the

0.06 37.0 1.50

0.08 27.8 2.1"

0.10 22.2 2.6"

0.11 20.2 2.8"

0.12 18.b 3.1"

0.13 17.1 3.3"

0.14 15.9 3.6"

0.15 14.8 3.9"

), >,



IMARY WAVE DIRECTION AND direction associated with Vm . If 37 is ralse,

DIRECTIONALITY Eq. 113, is tested; and thusly for Eq. B9. For

R T Lthe first successful test of Eq. F,8 or B9, the
primary wavo direction (PWD) and the vectors defined by the directions and variances

t llity (c) are two parameters which are of the quantities on the left-hand side of the
irom the directional spectrum totals as inequalities are summed and the resultant
to the frequency spectrum totals. The direction defined as the PWD. if Eq, B9 is
:n of the PWID i- taken directly from the false, then the PWD is not defined, and a

"F\ANCEN's 1981 version of their confused sea state is assumed. The methodology
:miI SOWM computer program (Lazanoff, rsed for defining the PWD is somewhat arbitrary,

The PWD is determined by a multi-step but the technique has proved quite useful
First, the maximum variance (Vm) in oerationally (Laranoff, 1981).

7'cr ionsl totals is identified, where m is
thetwelve directionai bands. Next, the The degree of directionality is defined by:

, rue-false tests are performed in 2 2)lO

: c (P +  
y

whe re

12 12

i2[~ . i M i (137 PC (1/rn) i V. sin 0 ~ (1311)

12 12
> V (8) (/m ) iP 1 V cos 0. (112)iI y o i i ((8)2)

12 The angle 0 is the direction associated with the

> i__V] Z i m (B9) variances in the directional spectrum totals.
Tue directionality has a value of ore for an

unidirectional sea state, and a value of zero
is one of the li directional bands, and when there is a completely symmetric

s the higher of the two adjacent distribution of variance around the compass.
-V11.il viriances. This parameter has the same properties as the

'constancy' parameter, often used in
. B7 is true, then the I is the climatolcgical wind Pus,,naries.
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climatology, 10 days
probably not be enough tiE
complete the exercise. Ho,

SOME APPLICATIONS OF if the exercise period couJ

CONTINGENCY TABLES extended to 11 days, on a,

7.2 days (.65 X 11) would

1. Question: What is the Climatological less than 20 ft waves and

probability of having wave exercise could probably

heights less than 20 ft at 41°N, completed.

0041L in Autumn?
2. Question: How can the tables be utiliz

Sample Application: A war at sea exercise predict the efficiency o

is planned for 10 through 19 vessel, system, or operation

November at 410N, 004 0 E. In a given area and time of

order to complete all phases of year?

the exercise within the 10 day

period available, at least 7 days Answer: Operational enhancement

(not necessarily consecutive) environmental tuning may

with significpat wave heights realized through the fol!

less than 20 feet are needed. procedure:

Based on climatology, will 10 (a) Identify the de

days probably be enough time to acceptable joint frequency

complete all phases of the occurrence for the parameter

exercise? interest, i.e., wave height

wind direction, wave height

Answer: Proceed to the November wave height wave slope, etc.

and wind speed contingency table (b) Extract the joint pe

for the grid point nearest to frequency of occurrence for

410N, 004 0 E. From Table I or parameter(s) of interest fro

Fig. I ( Mediterranean map) we appropriate contingency tabli

find that this is the contingency the desired time interval (mi

table for sequence number 5. sea3on, or annual), for

(For illustrative purposes the area(s) of interest.

contingency table from the (c) Derive probabilities

"Legends for Tables" is used in efficiency by determining

the following solution.) The percent of the time that

climatological probability of identified environmi

having wave heights <20 ft can be conditions fall within

found by adding the percent desired operable limits.

frequency of occurrences in the

"T" or total column for wave 3. Question: How can the tables be use,

heights <20 ft. The result is assess how the environment

2+3+9+14+20+17 = 65%. This means have been a contributing fi

that on the average 65% of the in the failure or damage i

time w-ves less than 20 ft will system, operation, or equipi
be encountered during November. (Note: This does not pertaii

Since 10 days have been allowed failures due to a spe,

for the exercise on average 10 X episode, but rather to fai,

.65 = 6.5 days will have which result from cumul

significant wave heights less stresses over a signif.

than 20 ft. Thus based on portion of the s

"lifespan").
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i vItology, 10 days will Answer: Inputs to assess environmental

obably Lot be enough time to impact on a system of operation

i,-.plete the exercise. However, may be gathered by:

0 Ibe exercise period could be (a) Identify the area(s), time

) kiA 'fied to 11 days, on average (month) of failure or damage.
l . days (.65 X 11) would have (b) Identify the wind and wave

e than 20 ft waves and the conditions which if exceeded
'C 1rcise could probably be would probably cause damage or

e: K eted. failure.

(c) Derive the percent of
.w can the tables be utilized to occurrence of conditions,

f-,2ict the efficiency of a exceeding those conditions

o -.seL, system, or operation, for identified in Step 2, for the
a~I.ivn area and time of the corresponding area(s) and time

r ? (Silver and Bales, 1983).

e
Sritional enhancement by 4. Question: How can these tables assist in

iv -ronmental tuning may be ship design?
y- llzed through the following

e :- cedure: Answer: For example, U. S. Navy ship

I" Identify the desired designers follow four steps when

ceptable joint frequency of applying the information

'kirrence for the parameters of contained in this atlas to
f -erest, i.e., wave height and design.

Ii:d direction, wave height and (a) Define the mission of the

i & c slope, etc. vessel, and determine the

Extract the joint percent significant wave heights in which

: quency of occurrence for the the mission must be performed at

1V imeter(s) of interest from the required levels of efficiency.

,propriate contingency table for

±e desired time interval (month,

,;on, or annual), for the

.i(s) of interest.

Derive probabilities of

!cIency by determining the

I!cent of the time that the

-, t if ied environmental

iitions fall within the

.ired operable limits.

i c xn the tables be used to

ti how the environmert may

, been a contributing factor

1-1:e failure or damage of a

t .i, operation, or equipment?
This does not pertain to

Shirc. due to a specific

(de, but rather to failures
o.h result from cumulative

',' es over a significant

tion of the ship's

fespan").



*EXAMPLE*

Mission Maximum Allowable Sig
Ship Motion Way

Operation of Aircraft 5° roll <13

Continuous Total Mission 100 roll 13-
Limited Operation 150 roll 20-
Survivability N/A >46

(b) Identify the area(s) of 5. Question: How c
operation. in pl
(c) Extract wave height percent
of occurrences from the Wave Answer: Ship
Height and Modal Wave Period enhan
Contingency Table for the atlas

appropriate area(s). This can be simil
done monthly and annually. desig
(d) To calculate ship responses ocean
derive the percentage of desir

successful, limited, and time
unsuccessful mission operation by (a)
using the percent frequencies of the s

occurrence of the significant heig-
wave height operating envelopes speci

with the joint frequencies of (b)
occurrence of significant wave geogr
height and modal wave period (c)

(Bales, 1983; Comstock, Bales, which
and Gentile, 1982). If the (e.g.
percentages of success derived in occul

Step (d) are unsatisfactory for heigi
operating specifications the occul
designer must fine tune the extr

vessel's hull configuration to the

meet the operating envelope. tabl,

r



*EXAMPLE*

Maximum Allowable Significantt Ship Motion Wave Height

g

50 roll <13 ft (4m)

100 roll 13-20 ft (4-6m)
150 roll 20-30 ft (6-9m)
N/A >46 ft (14m)

i

of 5. Question: How can these tables be utilized
c[ in planning a ship trial?

gircent

Wave Answer: Ship trial planning can be
Ileriod enhanced through the use of this:h the atlas by following a procedure

fan be similar to that used by the ship

designer to identify areas of the
.onses ocean likely to provoke the

of desired ship motions at a given
h and time of the year.
hEn by (a) The first step is to define

fi of the seaway (upper and lower wave
Y cant height limits) best suited for
n mopes specific tasks of the ship trial.
t& of (b) Identify the general

wave geographic area of the trial.
c riod (c) Identify the times (months)
'tales, which have acceptable probability
'( the (e.g., 50%, 75%, 80%, etc.) of

% Ed in occurrence of the desired wave
for heights. Probabilities of
the occurrence can be derived by

' the extracting the wave height from
4 to the wave height contingency
.,e tables.
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APPENDIX D platform at a fixed position.

Missing data were not replaced wit
DURATION AND INTERVAL estimated values. When missing data wet

TABLES encountered, the ongoing and subsequent episodE
were excluded from the duration and intervi

In the seasonal tables, durations and frequencies. This tends to reduce the number c
intervals that are underway at the beginning of very long-duration events common to the summai
a season are treated as if they began on the tables covering all seasons. It has littl
first day of the season. The other alternative, effect on the statistics. for shorter duratic
going backwards in time into the previous season phenomena.
to search for the actual beginning time, was
considered less appropriate for planning Definitions of column trailers in the duratic
purposes. When a mobile platform (ship) arrives and interval tables (see 'Legends for Tables'
at a location at some arbitrary time, the are as follows:
duration of the current episode previous to the
ship's arrival i not usually important. The MAX: The maximum duration (c
ship is affected only by the number of hours the interval) in hours, followed t
episode is likely to continue for the time the the number of times an episode c
ship remains in that vicinity. It is not that length occurred. T
particularly important that the beginning of a abbreviation "SEA" in th
season was used for the start-up of duration or seasonal tables represent
interval frequencies, whereas, actual operations episodes that lasted one seasc
may be scheduled to begin at times other than or longer.
the beginning of the season; episodes are likely
to occur in a near-random manner through the TE: The number of events satisfyin
course of specific seasons. In terminating the stated criteria. An even

durations and intervals, episodes that carried begins with the wind speed, way
beyond the end of the season were counted until height or slope increasing to th
they actually ended or they continued for more given threshold.
than one season (90 days), whichever occurred
first. This prevents episodes from becoming TI: The number of intervals. Thes
artificially short simply due to the ending of are episodes not satisfying t[
the season. For example, if a plan calls for a stated criteria. An interva
ship to be at a specific location near the end begins with the wind speed, wax
of the season and remain in that vicinity for height or slope falling below tl
several weeks into the next season, the planner given threshold.
only needs to check the table for the season in
which he plans to arrive and not a subsequent T: The total number of hindcast
table for some later season. that were included in (TE) c

(TI).
In the summary tables covering all seasons,

durations and intervals that are underway at the T*: The total number of hindcast
beginning and end of the period of record are that met the stated criteri
not counted. These summary tables represent the This is more than T if missir
wind or wave environment at a fixed position data made the duration
over the 10 -year hindcast period. By assuming interval impossible to determine
A stable climate and using appropriate It can be used to determine t1
statistical procedures, these tables can be used probability of encountering tt
to estimate conditions which would affect a conditions specified (0
fixed platform for the expected lifetime of the computing T*/TH).
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vosition. TH: The total number of hindcasts
examined.

were not replaced with
When missing data were If the number of the 'duration of events'

,oing and subsequent episodes or 'intervals between events' exceeds 999, the
the duration and interval symbol 'K' is used to denote thousands, and the
tends to reduce the number of '>' symbol is used to denote greater than or

Lvents common to the summary equal to. For example, >1K implies greater than
seasons. It has little or equal to 1,000 durations or intervals. In

stics for shorter duration order to correctly interpret the tabulations,
specific examples of the various types of
duration and interval tables are provided in the

rn trailers in the duration 'Legends for Tables.'
(see 'Legends for Tables')

When answering questions using the duration
and interval tables, it is important to

maximum duration (or distinguish between questions that require the
rval) in hours, followed by use of the number of episodes and those that
-umber of times an episode of require the number of hindcasts. Answers for

length occurred. The questions regarding the percentage of time at or
eviation "SEA- in the abcvc, or bolow, certain LiLesholds require the
nnal tables represents use of the number of hindcasts. On the other

des that lasted one season hand, questions concerned with the percentage of
-wer. episodes at or above, or below, certain

thresholds demand the use of episode
umber of events satisfying frequencies, where a one-day episode and a
,tated criteria. An event 60-day episode will each count as one episode.
,n with the wind speed, wave
:;t or slope increasing to the The following examples are provided to

o threshold. illustrate applications of the tables. The
numbers in the examples are extracted from the

ntumber of intervals. These sample tables in the legends. Regardless of the
pisodes not satisfying the type of parameter used (wind speed, wave height
d criteria. An interval or slope), the procedures are not altered.

is with the wind speed, wave
or slope falling below the APPLICATIONS OF DURATION
threshold. AND INTERVAL TABLES

total number of hindcasts I. Question: Of all the events with winds of
were included in (TE) or 34 knots or more during a

particular season, what
percentage had durations of

total number of hindcasts longer than one day?
t met the stated criteria.

i: more than T if missing Sample Application: Winds have just
made the duration or increased to gale force (34 knots

rva ! impossible to determine, or more) at a ship's location.
!il he used to determine the What is the climatological

rnility of encountering the probability that the gale force
eIitions specified (by winds will persist longer than
',iting T*/TH). one day?



Answer: The number of events (or whichever is eas
episodes) >34 knots is 39 (from from 100%
the TE column of the duration Percentages are
table in the 'Legends for the difference b
Tables'). The number of events caused by missin
of winds >34 knots lasting more Compute the perc
than one day is 1 + 3 + I + I waves that laste
6. The percentage of events with this example it
winds >34 knots lasting one day find the percent
or more is thus 6 39 X 100% then subtract fr
15.4%. the percent we

requires the cal2. Question: What percentage of the time total number of
during a particular season can this criterion.
waves greater than or equal to 20
ft be expected to persist longer
than 24 hours? This procedure i

Sample Application: Carrier flight
operations have been scheduled Hindcasts Freqt
for a specified operating area Duration Per Event (Froi
during a particular season.
Flight operations need to
commence within 24 hours of 6 hours I X
arrival within the operating 12 hours 2 X
area. They cannot be conducted 18 hours 3 X
if the significant wave height is 24 hours 4 X
20 ft or more. What is the
climatological probability that
the carrier will be unable to
conduct flight operations in the Thus, the percei
operating area for more than 24 waves that laste,
hours due to high seas? (63 175) X 100:

percent of >20 f,Answer: This problem involves >24 hours is
computations using hindcasts from 64.0%.
the seasonal duration table Step 2. The per
rather than episodes from the feet is (T*/TH
duration table since we are (181 1236) X
answering a question regarding Step 3. The ans,
the percentage of time. The 14.6% = 9.4%
solution can be found by
computing the joint percentage as NOTE: If an ansfollows: (percent of waves >20 for a period
ft times percent of >20 foot seasons an appro
waves that persist longer than 24 would be to calc
hours). Note that the percent of for each season
>20 foot waves that lasted <24 expected duratio
hours plus the percent of >20
foot waves that lasted >24 hours 3. Question: Considering all
is 100% so we can compute between events

t

,mm*m m • i m mm m • m rm



whichever is easier and subtract wave heights greater than or
from 100% if necessary. equal to 9 feet during a specific
Percentages are used because of season, what percentage persisted
the difference between T and T* more than 24 hours?
caused by missing data. Step 1.
Compute the percent of >20 foot Sample Application: A tug has just arrived
waves that lasted >24 hours. In at the location of a salvage
this example it will be easier to operation. Seas are less than 9
find the percent for <24 hours ft. In order to successfully
then subtract from 100% to obtain conduct the salvage operation,
the percent we require. This the significant wave height must
requires the calculation of the remain less than 9 ft for at
total number of hindcasts meeting least 24 hours. What is the
this criterion. climatological probability that

the operation can successfully be
conducted?

This procedure is as follows:
Answer: This problem involves the use of

Hindcasts the seasonal interval tables,

Hindcasts Frequency >20 ft Lasting since we want intervals between
)uration Per Event (From Table) <24 Hours wave height >9 ft. The number of

intervals between events of waves

>9 ft is 72 (from the TI column
hours 1 X 7 = 7 of the interval table). The
hours 2 X 2 = 4 number of intervals between
hours 3 X 8 = 24 events (episodes) of wave height
hours 4 X 7 - >9 ft lasting 24 hours or less is

12 + 13 + 5 + 8 = 38. The
TOTAL: 63 percentage of intervals between

waves >9 ft lasting 24 hours or

Thus, the percent of >20 foot less is thus (38 72) X 100% =
waves that lasted <24 hours is 52.8%. In other words, 52.8% of
(63 175) X 100% = 36.0%. The all the episodes with waves <9 ft
percent of >20 foot waves lasted persisted 24 hours or less, and
>24 hours is 100% - 36.0% = the percentage of <9 ft wave
64.0%. episodes lasting longer than 24
Step 2. The percent of waves >20 hours is 100% - 52.8% = 47.2%.
feet is (T*/TH) X 100% or Thus, the climatological
(181 1236) X 100% = 14.6%. probability that the operation
Step 3. The answer is 64.0% X can successfully be conducted is
14.6% = 9.4% 47.2%.

NOTE: If an answer is required 4. Question: What percentage of the time can
for a period which spans two significant wave heights less
seasons an approximate procedure than 12 ft be expected to persist
would be to calculate the answer longer than two days?
for each season to get a range of
expected duration or intervals. Sample Application: A particular location

is being considered as an ASW
ouestion: Considering all the intervals (anti-submarine warfare) exercise

between events with significant area. Significant wave heights
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less than 12 ft are required for
the exercises, which normally
last at least two days. On an
annual basis, what percentage of
the time could exercises be

successfully conducted at the
location?

Answer: This problem requires the use of Interv
hindcast frequencies from the

interval table which summarizes 0.25 d
all seasons. We proceed 0.50 d

following the steps outlined in 0.75 d

Question 2. Step 1. Compute the 1 day
• 1-2 da

percent of <12 ft waves that

lasted >2 days. This requires

estimation of the total number of
hindcasts meeting this criterion.

Estimation is necessary because
beyond one day, the 0.25 day
resolution of the hindcasts is

lost in the summary process, so
we must approximate the average
number of hindcasts per interval.

Since the I to 2 day interval
includes episodes consisting of

1.25, 1.5, 1.75 and 2 days (that
is 5, 6, 7, and 8 hindcasts), the

average hindrasts per interval is
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ire required for 6.5. In this example it will be
which normally easier and more accurate to find
days. On an the percent for <2 days then

it percentage of subtract from 100 to obtain the
exercises be percent we require. The

iducted at the procedure is as follows:

Hindcasts Hindcasts Not
per Frequency ?12 Ft Lasting

jires the use of Interval Interval (From Table) S2 Days
icies from the
which summarizes 0.25 day I X 53 = 53

We proceed 0.50 day 2 X 34 = 68
eps outlined in 0.75 day 3 X 25 = 751iday 4 X 15 = 60
p I. Compute the 1 day 6 X 5 63

ft waves that 1-2 days 6.5 X 52 338

This requires TOTAL: 594
e total number of
g this criterion.
ecessary becaube Thus, the percent of <12 foot

the 0.25 day waves that lasted <2 days is
he hindcasts is (594 -9056) X 100% = 6.6%. The

Ary process, so percent of <12 foot waves that

.' t e jer-9e lasted >2 days is 100% - 6.6% =

sts per interval. 93.4%.

2 day interval Step 2. The percent of waves <12
S consisting of ft is (T*/TH) X 100% or
dnd 2 days (that (10761-13606) X 100% = 79.1%.

hindcasts), the Step 3. The answer is 93.4% X
-s per interval is 79.1% = 73.9%.
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LEGENDS FOR TABLES
ND DIRECTION AND SPEED WAVE HEIGHT AND WIND SPEED
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50 - 1 1 3 sped 61 1n and7 < <n03.5 Of the winds w e gh8ts
--- 3'. Of the winds Were from the NW 4 bu <6 6n ihwv egt~~~~~4 west o wer anI I- 4 ft. 09 5m)u <0f 1 m

- . Of the winds were calm th 0 -- i 22 3 l4 ~ - b1ut Of4 the wind speedseiwere

WIND SPEED k' :34 kn. but --2A' in

AVE HEIGHT AND WAVE SLOPE it WAVE HEIGHT AND MODAL WAVE PERIOD

Menwave slope it Number of hindcasts
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LEGENDS FOR TABLES
W.AVE HEIGHT AND DIRFCTIONALITY WAVE HEIGHT AND PRIMARY WAVE DIRECTION

---- Mean directionality -- Number of hindcasts

--- -... Number of hindcasts ------ ...... Sequence number

/ -/ -_ ...-- Sequence number I ±5 99 00N00E----- Latitude and longitude
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LEGENDS FOR TABLES
WIND SPEED DURATIONS-SEASONAL WIND SPEED INTERVALS - SEASONAL

SEQUENCE NUMBER LATITUDE AND LONGITUDE SEQUENCE NUMBER LATITUDE AND LONGFTUDE

123 5 W _ - 9'SEA 9 9 Wo 235 '35
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/ -. EUR DUIIATiON OF EVENTS 1  - \ - - / HOURS iNTERVAL BETWEEN EVENT0/ r, -- - - - - - - - - ' k22 .\ 20 1 25 1 _ 1. 13.

'\-1 Event with wind speeds >7 kn. persisted 12 hours; 26 events \\ \-There were 18 12-hour intervals between events of wind speeds \
persisted 96 hours. \17 k15 . 4 intervals persisted 96 hours or more1212B 31

The longest event with wind speeds > 7 kn. persisted for 1season../ I The longest interval between events of wind speeds _7 kn / tor more and it occurred 2 times....."/ I was 36 hours and it occurred 1 time. ----- " II7

II I
The longest event with wind speeds _48 kn. persisted 18 hours / i I The longest interval between events of wind speeds _64 kn was '1

and it occurred 1 time--------------------------Ii 1 season or more and it occurred 9 times.-------- ---- / I
III41 Events hod wind speeds _4 kn. which comprised a total of 1.336,11 There were 32 intervals between events of wind speeds _4 kn t/

hindcasts------------------------------ " which comprised a total of 40 hindcasts.-----------
1,483 Hindcosts were examined, and 1,443 had wind speeds 4 kn 1,235 Hindcasts were examined, and 40 hod wind speeds <4 kn

Durations for a particular season extend from the time the event Intervals for a particular season extend from the time the event ends
beans otr the first day of the season if already in progress), and termi- (or the first day of the season the event is not in progress1 , and termino when the event ends Events become undefined if missing note when the event begins. Intervals become undefined if missing

s encountered Durations lasting a season or more are data is encountered. Intervals lasting a season or more ore
categorized together Durations may persist nto the next season categorized togetherval ma persist into the next season

WAVE HEIGHT INTERr'ALS - SEASONAL WAVE SLOPEu DURATIONS r SEASONAL

'EQINCE NU,, SE4 LATITUDE AND LONGITUDE ir. EC F J,.(ELATITUDE AND LONGITUDE--- it occ ---------- --- . 9EA -9 9 0 - o23o-3 " ............. . " -- '

---------... ... .. SEA -9ii9 133 5
- 12-'3,

> ' . . .. . . .9 SEAg 9~ II6 1 29 24 1249 A . . .5 I . .
4- - -Events had w. s d .w i2 SEA T4 s a 322 l .1336,1 2'7 w 32 intervals "etween 3 of wdp s>"

'28 .. 1. . . . . . . . . 2 - - - -t SEA IC" 18 15i2 1637 '563'3 3 ? " I2 4 1 13 . ''- . -hi4 c • " I 3 I r7i SA e 29 1464 o1476 " 1649 ' - - - - - - - -

2, , " 2 " 3" " I " 2" 1" 2" 1" I 1 I21"SEA II46 137o 1396 65753 ' ' 4 " 3 " 3 " " " - 'b 'SEA ¢ 4 -' ' .

' >"" 5 " 44" I " 1 i I " 2" 2' I" 1"24" 690 1 I' 3561071 1083 1409 " 3 " 3 " 4 " " 2 " i ' I SEA ] "
8 3 3 * 3" 4..... 2 " 2 309e xmn 675 -675 1254h w s 4 5 H w e a 4 h w SEA <4 56"

0. 9"13 5 * 5" -"" B " 2. . 23*4' 18611 I72 4,1 431 1 241 " 4 ' £ ' ' f " I" I" '" ' "3 SEA ':i --
'

' 4 "B " '
. .b" 8" €" 4" 2" I I" 1 . . . i" 132'J'47' 189 " ,180 12353 " 2 " 2 

: I  
. -'- - I 1 ' 3 .SEA '4 "' : - . .. .

/ 8 *.243? 3.42......... 3C i 13 23 '23 126SA"

"-There were 13 12-hour intervals between events of wave heights\ I \ I from -- time t n
>9 flt 27m). 4 intervals persisted 96 hours or more I (o the fiswth d of esste events pNess te 't

not.!~~~~ ~ ~ ~ ~ ~ whe -2e evn nsEet eoeudfndi isnoevwen wthe even b02erisIter12hos, 3eeuntsdeited fisin

The longest interval between events of wave heights _6 ft (1 8m1. >_II 96 hours , \
was 132 hours and it occurred 1 ime---------------I I
The longest interval between events of wave heights -64 ft .I The longest event with i >013 aers,sied 18 ihours and I occurred,! 4

l95mi was season or more and it occurreda9 im more long I iste t encounterd.ntervals las>t d a season or more a nd

There were 13 intervals between events of wave heights 3telongestoevent w t r m00 persist fo ,t seasone sor eand

>I ocure 14A t9me 9- -11 125 -5 - - -- - - -

09m which comprised a total of 23 hindcasts .5 12i

1,3 dat ee xmnd n 3ha aehihs/ 24 Events hod i -001 which comprised a total of 2 477 lh,ndcasis 'i

.23 H .ca t wer . x m n d .n . 2 E C,1.123- 15 _136 wav 2ei ht <3 ;3 t'

SE09m) ---- 2,659 Hindcasis were examined, and 2.145 hod i >001 ..

Intervals for a particular 'eoson extend from the time the event ends Durations for a particular season extend trom the hme the event
or the first day of the season if the event is not in progressl, and term,, begins {or the first day of the season ,f already in progress and term,

' note when the event begins Intervals become undefined if missing note when Ihe event ends Events become undefhned it missino data
t data is encountered Intervals lasting a season or more are ,s encountered Duration ir, sing a seoson or moro a o cctegorzed

categorized together Intervals may persist into the next season together Durations may persist it the next season

ABBREVIATIONS (See text for detailsi
MAX Maximum duration or interval, followed by the number of occurrences
TE or TI Total number of events or intervals

T Total number of hindcosts included in TE or TI
T. Total number of hindcasts that met the stated criteriaTH Total number of hindcasts examned



VELEGENDS FOR TABLES
SOPEED INTERVALS SEASONAL WAVE HEIGHT DURATIONS - SEASONAL

SEQUENCE NUMB8ER LATITUDE AND LONGITUDE
.1458 ..0 -- LATIT UDE AND LONGITUDE _6 3

9 SEA 9 9' 1116 1235 1235 w '56 23
11 SEA 11. 1, )198 34 13 73 A 148. . _ 1235

1 2 1 1 1 18. SEA t, 30, 153C 1553. 1591 EV 040 1.61 I37 ._._.. ._ l

3 4 ' * l 3 2 3. 22. t901 47. 1414 1435 540 E o' 2, 2 I.....................24I\5V 1 2  123IM
4 1 . 1 . 2. 1. 1, 3 27. 384 1 88. IT,' 124 :131,0 H -28' 3 2' 1 I. 2 36 2 9 26 26 1235

7 I. 2 2 4 13 324 1 06 854 854 1288 E 24 3. 7. 2 1 2I,4 ) 7i 1-
S 32, 2- 31.2. 2,4 2 40 t rlS 6 17 0 264 ~ ,20 7 2 8 7 3 I 2 2 _ 2 .- 1_ 102 -1 37 175 181 1236_

5. 3.0310 9016H i 3,826, . 2, 4 2,23... 2_ 20 4 317 327 1238
- 5 4- 1 361 168 120 120 1235 01- 9 9 8 5 21 3 4. 2 2, 6 4 3. 2 2__10 17A 2 72 589 601 1257_

.1 18~3 4 4 135 79 4 9 7 5 5' 3 4 I I'7 6 2 I18'A26l7 84 881 1312
.4 3t 42 48 54 cb 76 7 ' 84 9256g- I 1A T[ii T T*\ 1 0 A. 4 2. 1. 2 5 4. 2. 1' 2 1. 12'1 22 SEA 1 J-4 1264 1320 W39

-------- --- - , '.. BE I LE0VN 3, 1/ 3 1 1, 16 . . . .. iSA 8 22 1524 162 1649
6,1' 18 24 30 36 42 48 54 60 66 72 7 84 90 96'I 'i~. I ~HOURS DURATION OF EVENTS,

4 Event with wove heights :6 ft. (1,8m) persisted 12 hours; 22'1 \1 1
sci- ee18 12-hour itrasbetween evnsof wind speeds \Aii1 events pesse 96 hours. III

I-17' kn ,4 intervals persisted 96 hours or more. 11Thlogsevnwih aehiht 3f.(9mpritd1
" Ong est interval between events of wind speeds :7 kn I Teonges moeen with ovred heits3. (09)prsse

c: 3D tie----------------rsesn rmr and it occurred 8 times.--hous ad i ocurrd, II The longest event with wave heights 40A ht. 112.2m) persisted for I I
ov-sigest I nterval between events Of wind speeds !64 ln was II 6 hours and it occurred I time.---------- -- -- -- -------

,s---'son or more and it occurred 9 times ------------
22 Events had wave hegtI3i. 9)wic Olp i, CG I

w ~ ' ere 32 intervals bet ween events of wind speeds 4 ln ' I of 1,524 hindcasts.------- ----- - - -- -- - - - - -------

Dur Comprised a total of 40 hindcasts.- -------- 1,649 Hindcosts were examined, and 1,626 hod wave heights ?!3 ft/
r102.2 Hindcosts were examined, and 40 had wind speeds <4 lkn ( 0 9 m)- - - - - - - - -- _

,I, for a particular season extend from the time the event ends Durations for a particular season extend from the time the event

irt a o esesn the event ieisItra s ote infngessd and temi- begins (or the first day of the season if already in progress), and termi-

~2wencotheeetd g Intervals b eoe undmefineimsin note when the event ends Events become undefined if missing
- . enounerd Iterolslatin a easn r mre redata is encountered Durations lasting a season or more ore

;:'.zed together Intervals may persist into the next season categorized together Durations may persist into the next season

- 2PE DUJRATIONS SEASONAL WAVE SLOPE ac INTERVALS -SEASONAL

LATITUDE AND LONGITUDE SEQUENCE NUMER LATITUDE AND LONGITUDE

0'S..................................19 EA1 1 2319 25572558_
0 4 S E4 16 2 2423 2661 2663

113 1.. . . . . 254SEA IA 28, 26,57 2895 2912-
4f IXA 1 1 3I: A I* 1* 38 15EA 9 54 2708 282 3:

l 12 8. 3. 6, 5, 5, I 4. 2 1 5 4. 44] SEA? 2lOS 2283 _2393_2740

10 7' ' 71, 11 749 6' 5 45. 2'_44 131 1825 2616b
SA ,49 08231810137, )10,6. 4.23124.1: 9Z :348 1 118 76 778. 24961

-. 21 18 18 84A3, 2..2. I _21 .. 2 1 150 186 346 355_25
-~~ I S EA. .5 -1 8 6, 7 26 2624F ', 20 18, 7, 1 , , 2.. . . . . 6e1 59 167 167 2443,

ISEA 59 4j 8, 42 20 ' 396 392442
- .~~~~~~~IjSEA 4 ' 6'. .O I, s 2 124

3 ISEIsio4 - 36, 6. - 2-'A

- - -... ~ '. S N I - -- - - -HOURS INTERES BETA81 EEN EVEN' .,. 5I

ThE w'i i 00 pesised12 our. 3 eent pesited\\\ I There were 18 12 hour intervals between events of wave ".
w~~~ I ~hi _0 esse 2hus 0eet esse slopes 006, 2 intervals persisted 96 hours or more.15I

Tie -,x

seaydwt' 03pritd18husadi ocre The longest interval between events of wave slopes ?:010 7
T eze e,,/, I~f it> 3pritd1 or tocre was 474 hours and it occurred I time----- -- -- -- - - ----- t

Ik - -I The longest interval between events of wave slopes :0 15 was I i
- .I, .4p',i event wil th >0 02 persisted for I season or more a nd ' I I seasonor more and it occurred 18 times-------- -- -- -- -- -
2,4, -. , 14 times - - - - - - - I There were 6 intervals between events of wave slopes 0O01 ,

In's -I- lI'.d i 0o 01 which comprised a total of 2,477 liindcastsI which comprised a total of 12 hindcasts- ------- -- -- -- --

or .4,r d ri5 were examined and 2,641 hod 00 -o o 2,440 Hindcasts were examined, and 12 had wave slopes <001 -

dot 1, a particular season exter)d from Ike time tle event Intervals for a particular season extend from the time the event ends

dj li o te first day of the season if already in progress , and tarmi (or the first day of the season if the event is not in progress), and termi-

elie event ends Events become undefined if missing data note when the event begins Intervals become undefined if missi. j
,r.ted Duration, lasting ai season or more are categorized data is encountered Intervals lasting a season or more are

0 .. .. Durations may persist into lie next season categorized together Intervals may persist into the next season
0 l

091 ' m7e of occurrences feet 069 1216 2024283 C4 56 4

meters 0 18 37 6 1 8 5 12 2 14 6 17 1 19 50 9 02 74 9 73 104A



LEGENDS FOR TABLES
WIND SPEED DURATIONS - ENTIRE DATA SET WIND SPEED INTERVALS ENTIRE DATA SET

SEQUENCE NUMBER LATITUDE AND LONGITUDE SEQUENCE NUMBER LATITUDE AND LONGITUDE

,~'6 ~"' ' ~ ~ ~ T13606 W '64 __ 1360t, 13606

4 :: 11V" 5 1  ___________ ___ 125.1 18 32 32 13606 ' ?48 ~ - 1., 1 ~ 4 Z. 418 ' 1 13 5944 13574 1.3606
S41 4 1 6 , 6 752 74 131 1 13 I / 10, 4 I. 12 IL 5 6 3. 3 " K4001 08 882.13475_1360

34 62,1 45 34 I 0 -0I 73 43 433 13606' > 34 9 7 5 V 6  22 I5 19 4 30 27 9 7 2 _- 4 208 50 1 67 958C 13173 1360 6

_62, 7 7q 45 3- -15 5 ___'_'m" 2 T2 S4 . .- . . .. ... C5 b
28 6 123 94 643 5O29 5 13 T _1141 1360 >28. 33, 34 20126 61 43 -3A. 25. 46 38 7. 7 2_ 3. 18175 1380 10399.246, 1365t
02 137 121 941 77 133 31 12: 6 6 8 251 67 2527 2536 13606 >22 68 6.3 381 55 132 79 44 27. 55 32 9. 4. 5 2 11575)I 613 10594 11070 13606

'E ' 18 4410 9 1 7 37 -- 17 1251'62 490 465 366 1 13 8 0375 197 96 42 2A 67 36 6 250251 859 8875 9001 13606
221 7-- 44t 8;0082 992 214 751*t7 166 62 28 2124 862 459 4605 1306 89878

0 0 12107 73  8~6 251'148 74 53 63 8 2 Q27S . 8 Ni787 36061 C >11 '210 18 I51C 9 62 3 24 0 6 __ 65i98 5108 5134 13606.
'7 974538 5 12 82 50.833 39 3 28251'79611074 11219 13606 >7 .316 1614. 2 9025 12 34 875 2798 2374. 23871606

74 3 17 19 1574941 2693682 1 042 __ 24 371 8 I 42541_9696136
_L___ V_ 1010 l42128 13606- _46 255 10 '1 93 966 164)

25f3 75 1 3 4 50 03060 90 180 360~ MAX TE 7 xT4 5,71 C2 777830~MRT~0',9'
DAYS DURATION I DAYS INTERVAL BETWEEN EVENTS\ \ '

DSDUAINOEVNSN I/ "\ IN \,,\ \ I / ,,S

/ N\ I~ ! /"

17 Events with wind speeds >_4 kn persisted 05 day; 57 events 1 !I
persisted >1 day but :52 days I Interval between events of wind speeds >_48 kn persisted 0.5 I

The longest event with wind speeds >_41 kn persisted 1.75 days,,l I1v day; 4 intervals persisted >1 day but 2 days \ I
and it occurred 2 times-------- /I I The longest interval between events of wind speeds >4 kn was I I
The longest event with wind speeds ?:34 kn persisted 3 days / 6.25 days and it occurred 1 time. --- - - ---------- I I
and it occurred 1 time --.--- - ------------------- IThe longest interval between events of wind speeds _ 7 kn. was , I

I8,75 days and it occurred 2tie. -442 Events had wind speeds :4 kn. which comprised a total of ,/ I
12,384 hindcasts- - - - ----------------- I There were 451 intervals between events of wind speeds / I

13,606 Hindcasts were examined, and 12,640 had wind speeds >4 kn which comprised a total of 963 hindcasts

>4 kn -.. -- 13,606 Hindcasts were examined, and 966 had wind speeds <4 kn.-

Durations extend from the time the event begins and terminate Intervals extend from the time the event ends and terminate when
when the event ends Events become undefined if missing data is the event begins. Intervals become undefined if missing data is
encountered encountered

WAVE HEIGHT INTERVALS ENTIRE DATA SET WAVE SLOPE a DURATIONS ENTIRE DATA SET
SE 1uE' .4E LATITUDE AND LONGITUDE SEQUENCE NUMBER LATITUDE AND LONGITUDE

0:366-1306' 015 2 3. . . . . . .. . 50 3_ - . 29 -

1 _.. . . . . . . . 360613606. ;4 12 5 ,7 132 1 ' 91
1I36_06 1360 3W 5 1 .1,5 4. . . . . . . . . .. 64 14, 145.2Ct

" "r
3

0
8 

25 1239 13396.13606 12 48' 47 32. 21, 29, 2, 1. . . . . . . . 3 253,430 lo55 531 29016

t-2 3 3725_ 9_ 3__ 111 20 76 47 46,108 27 3 3

"; - 3 I . ' l 3" 10"5" 22793 3"32360 311 23401751 30.8571 ,135091606 910 210139104 81,13,99, 311516. . . . . . . 9501 878 4415 45C 290 6
it 5' 4 1. 5 " 7. 3 13 12 4 " 11 54 338001. 76 9465 1333A 1360) 008 216,128.104.105.265 206. 16 69 138 40 . . . . . T 23751 1411u 141 14,6' 29616

7" 2 16 )A 10. 6_ 18. 20' 11 9 3" 5 234. 25 ? .134 9223 29373 064 5 06 212 14' 76 7521155129 99 197 88 18 5 . . . .. 35507 1311 2036120904 29016
8* t16' 6 3226 13 14 33 31 11 4 2 2 205701228902312204313606 9705 1351 "0,55200138 110"94192,100,24, 12. . . . 43001 1211 21835.22909 29010

5 .342 .1 . . . 340. 29 7. 7. 1 18075 1 363 9056 106 366 F_0,, .S 60, 5188, 11% 97. 66. 171.106. R), 19 . . . . 58501 .1111. 22954.24429.'9516
51. 45 32i3 3 4 28 16t,34 24 8 7 3 2 ' 128 501 434' 8187. 8990'1366 > 003.94.,58, 4544.119, 82 82. 53.14.9 AS28 367519.3,.56390b
S72."5"t~39"4A36"92"47'

" 
1 17"43 35' 1" ' 5050 475 6395 661213606 >02,69 42 29"IL 641 46 5 32.106 68 44, 34, 9, . 1' 90751 6C3 22003 26905'290 I

73. 67 135 31 85' 35. 24 17 2t, 8. . . . . . 25 2401 3133 3208 13606 0 SI 321 I5 11, 3 19, 10' 15 10, 34, 40, 13, 45. 17, . I 1 ,\1361 751,2t6' 107o 28054 N97It

27 30 1' QC'350 ' \M A6 X ,, 25  5 75 1 X 2 3 4 5 D10 20U30 sO6 90 180 360 .\MA5 iE\i * T9

DAYS INTERVAL BETWEEN EVENTS" N "' - . \ i / S RA ION Of VENTS ' I

I- Interval between events of wave heights :34 ft (10 4m) persistedI\\\ "

0 5 doy. 2 intervals pero'ed -1 day hut <2 dcys Ij , ""%32 Events with is 001 persisted 25 day, 19 events persisted >1 9

The longest interval between events of wave heights ?!3 ft (09m)ftf day but _<2 days.

was 18 25 days and it occurred 2 times - --- - - I The longest event with it _012 persisted 3 25 days and it - - I

The longest interval between events of wave heights >40 ft / occurred 1 time -.- - .- - - ---------- - I
was 30825 days and it occurred I time. .... - / The longest event with i :013 persisted 1.50 days and it occurredl I

There were 401 intervals between events of wave heights /2 times/

>3 h (09m} which comprised a total of 3,133 hindcasts - -- 267 Events had i !001 which comprised a total of 20,760 - /

13.606 Hindcasts were examined, and 3,208 had wave heights <3/ hindcasts - /

it (09m) -- - --------------------- 29,016 Hindcasts were examined and 28,054 had i 2!001--"

Intervals extend from the time the event ends and terminate when Durations extend from the time the event begins and terminate
the event begins Intervals become undefined if missing data is when the event ends Events become undefined if missing data is
encountered encountered

ABBREVIATIONS (See text for details)
MAX Maximum duration or interval, followed by the number of occurrences
TE or TI Total number of events or intervals
T Total number of hindcasts ,nrluded in TE or TI me
T* Total number of hindcrsts thnt met the stated criteria
TH Total number of hindcasts examined i/- 9F



EGENDS FOR TABLES
INTERVALS ENTIRE DATA SET WAVE HEIGC.-~ .JuIAiiONS 1)" , DTA SET

SEQUENCE NUMBER LATITUDE AND LONGITUDE
LATITUDE AND LONGITUDE T y~

T 3 01 3606 6t w S6 3
1 2* 2418 00 113' 5944*13574713606' A >A8 6~ -'-(-t--j------6--'.-

32401 6888291347513606, E >40 I I 1 I __10i4 0 _30
A '7'2 4 '208 50 1167.9580._ 13173_13606 34 5 3 2 2 ___ 1001 -A- 33 3331606

- 4c38 7 7 2 3 1 181751.380, 03 912465 13606 H 28 15 9 1 4i.Z 71..20 23 9 ? 30
... 90136 il- 752 50.13 825 1 2_ 272 13606

4 A 36 b50 251.859 88 5,90 36i 102 19 20 19 36, IS5 2. 40i139 63 69160
1651988_5108 513~4 136 H >16 3I.I5i 19 24 7035 0 6 41 10 00123 39 -42 30D875 1360 35r 7!576 283 2845- 1368a75 2 098 2376b 2330 -12 62 46 44 26 71 43 39 220Z A 75)60283. 24513606

92' 5 93 9 160 97940 38 3 103 65 30, 19 t5 3 10I100438& __________

3 2 1 c AA , . 3 T5 2 23, 53 29 5 6 ... 4 501 4776932 6994 13606)857.99 69841 NIQ' AL BEvvE EVNT I.42T3 5 1 8232 629 ..9 -1 -5 2~...j 361 00 ~9=94 1039 3606i
'S ' ~~25/ 7 2 3 A 5 20 3030 60 90 180 3 O 0\MAX IE T~ * T94

AYS- D' RAIO FV

33 Events with wave heights !3 hi. (0.9m) persisted 0.5 day; 68
3 ,"

ne'Vveen events of wind Speeds ?:48 kn. persisted 0. i t events persisted >1 day but :S2 days. i
"~- ol pesised>1 ay ut 2 dysThe longest event with wave heights ?!28 ft. (8.5m) persisted 2

-:e.' iter~val between events of wind speeds :4 in was , days and occurred 2 times.------ - ----------

he -Ind1 it accurred I time ---- -- - - - The longest event with wave heights ?:24 ft. (7 3m) persisted 2.5 /
'etitrval between events of wind speeds :7 lin was /II days and occurred 1 time---- -- - -- -- -- -- -- -----

oy jr occurred 2 times- -- ------------ 393 Events had wave heights ?:3 ft. (0.9m) which comprised a
9 e451 intervals between events of wind speeds /total of 10,094 hindcasts-----------------

) ii',z comprised a total of 963 hindcasts --- 1,0 idat eeeaiead138hdwv egt
36 -Aco5ts were examined, and 966 had wind speeds <4 lin 13,0 ft. cst werem)------------------------------------------

Oedfrom the tine the event ends and terminate when Durations extend from the time the event begins and terminate

U' - gi-s Intervals become undefined if missing data is when the event ends Events become undefined if missing data is

DURATIONS .ENTIRE DATA SET WAVE SLOPE a INTERVALS ENTIRE DATA SET
LATITUDE AND LONGITUDE 51 6921 .,sE9 LATITUDE AND LONGITUDE
50 3c 8 2921 7 16 I - 20 99089

3. 3 3 ?475 1 9 754 289852?9 016
OSS*2. 51 31.2901C,. . , ~

. .. . . . 50 2 A, 4A2 145 290's. V, i' 2 2 3 ~ , 5. I* 1. 3. 1C. 4. '6 2 2 is 118 7 149.114i8 28801 2901
. 51 9 5,5. 531.29016 A 6 8 5' i. l 6 7. 72 t33.10 5 4.A 9 1258'151 15 932 284529016

J25 3 431 Ib33 16482'9010 34 2 i 4.2 3Y 10 5. 58. 29 22 ' 1 1 '02,15 1 '349 273b8 29016
9w 5 t51 &7 4A!15 A4512 2912 I 9Q 62 t 1i; 114 ' 1 4 I 4 2 2 8 4. '5 I8 258 43 29016

1 4 ' ''12 65 290 201 p S'0 22 71 13 4 3 94, 48 23 .2 1. . . . 7 i5.)ll,139 4540 12.9016
22904 24429 292 4 1 9 6 2 22 1 15 OQ 11 457 43029016

3 5i 1 232 06 29121 38 11251 434 62. 4* 8.. .. .. I8 1911 3340 B35ill

;A : ) ,43-C1 222 90592,16. F 5,30 274136 32 44, 88 , 23 14 32 4 63 24 1090 2)111 29016

12j 90X~ 75 1 't1 * 42 5 80 :20 33.31,

'S. 44' 06 64 216, 8W23 112,I

-Is with pritd2da,1evnspritd i\ i "'2 Intervals between events of wave slopes 0 13 persisted 0 5

2 csI day, 1 interval persisted >1 day but :52 days
0Y I

;'event witht, >0 12 persisted 3 25 days and it - 'IThe longest interval between events Of wave slopes 015 -~

1- ne -- -- - - -- -- -- - -- was 16 25 days and it occurred Itm

4es t event with is 2!013 persisted 1 50 days arid it occurredl i The longest interval between events of wave slopes ?:001 / I

114- ---- ---- ---- --- was 525 days and it occurred 2 times--- -- -- -- - -----
Shod oi 001 which comprised a total of 20,760 - 'There were 286 intervals between events of wave slopes 0 01, 1

,'which comprised a total of 961 hindcasts ----------

9 e ""dcists were examined, and 28,054 had ia ?:001 --- 29,016 Hindcasts were examined, and 962 had wave slopes <001

, I extend tromn the time the event begins and terminate intervals extend from the time the event ends and terminate when
It -event ends Events become undefined if missing data is the event begins Intervals become undefined if missing data is

'e '.-Id encountered

-- o occurrences feet '6 9 216 202428340 856 4

mees0 18 37 61' 85 12 2 14 6 17 119 5

'p 
0 92 7 49 7 3 10 4



GRID POINT AND SEQUENCE NUMBERS
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GRID, OINT AND SRQ-UHNCE 4UMIBHRS
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